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Section 1 
SUMMARY 

The principal objective of this study was to design, fabricate, and verify the 
operation of an electrolytic pretreatment unit (EPU) when operated in con- 
junction with an air evaporation unit (AEU) for the recovery of potable water 
from human urine. The EPU portion of the program was conducted under 
NASA/J5C Contract No. NASI- 1] 781, and the AEU was supported by the 
McDonnell Douglas Astronautics Company independent research and. develop- 
ment {IRAD) program. 

The EPU and the AEU are shown in Figures 1-1 and 1-2. Both units are 
autonlated, six-man, flight- concept prototype units, and collectively are 
identified as the Electrovap system. The Electrovap system utilizes the EPU 
to pretreat human urine electrolytically for partial organics removal, followed 
by air evaporation and distillation in the AEU for the removal of the remain- 
ing organics and the removal of inorganic salts and convert the pretreated 
urine into potable water. The system is self- sterilizing and was developed 
for space missions of medium to long-term duration. The Electrovap system 
incorporates fail-safe control features and is designed for unattended operation. 

After fabrication, assembly, and checkout, the EPU and AEU were integrated 
and operated in conjunction with each other for five days. The operation of 
both units was successful*, with only minor malfunctions. This test, during 
which 108. 5 lb of urine and 27. 1 lb of flush water were processed, verified 
the feasibility of the Electrovap concept for water reclamation. Pretreatment 
by the EPU reduced the average total or'ganic carbon concentration (TOC) to 
778 parts per million (ppm) and the AEU produced water with an average TOC 
of 10.42 pptti, an average conductivity of 12. 9 (j,mhos/cm, and an average total 
dissolved solids (TDS) content of <1 ppm. Although high ammonia levels in 
the product water may be encountered when processing chemically pretreated 






urine at temperatures ahove the urea breakdown temperature, operation of the 
AEU with an inlet wick temperature of 200 °F did not produce an unacceptable 
amount of ammonia in the product watejr. 

Product water of the Electrovap system met all the standards of the National 
Academy of Science s-National Research Council (NAS-NRC) for potable water 
with the exception of the pH standard. The average pH of the water produced 
in the five-day test was 6, 4, while the NAS-NRC pH standard is 7 to 8, (The 
pH of the product water could be adjusted with a simple ion exchange post- 
treatment module. ) A trace of foaming was detected in the product water 
during the first four days. However, on the fifth day, all traces of foaming 
had disappeared. It is suspected that this foaming was produced by materials 
introduced into the AEU during the manufacture of one or more commercial 
components installed in the unit. 

During this study, plans were also prepared for extended testing of the 
Electrovap system to produce data applicable to the combination of electro- 
lytic pretreatment with most final water purification systems. Plans were 
also prepared for a program to define the design requirements to combine the 
EPU with a reverse osmosis water recovery unit. 





Section 2 
INTRODUCTION 


Future long- duration manned space missions will need potable water to be 
reclaimed from human wastes to conserve weight and volume. The water 
recovered from these wastes must meet exacting standards for chemical and 
microbial purity, and the processing systems used must perform with high 
reliability and efficiency in a zero-gravity environment. The systems used 
must be of minimum size and weight, and use a minimum of expendable 
materials. 


In urine reclamation systems, the primary source of possible toxic contami- 
nants is the urine itself. Decomposition of the urea content of the urine 
raises the ammonia concentration in the urine from a nominal 550 ppm to 
14, 000 ppm, rendering it toxic. To avoid urea decomposition and the accom' 
panying production of ammonia and other unacceptable organic contaminants 
in the product ‘water, some form of urine pretreatment is required. Both 
chemical and electrol'ytic pretreatment methods have been developed for this 
purpose (References 1 and 2). 


Chemical pretreatment is obtained by adding expendable oxidizing agents, 
such as chromium trioxide, that form stable soluble ammonium salts from the 
urea. Electrolytic pretreatment is obtained by the passage of a direct current 
through a cell containing platinum electrodes to oxidize and remove organic 
materials, such as urea, from urine prior to final purification. The electro- 
chemical reactions (Reference 2) convert the organic contaminants into useful 
recoverable gases such as CO^, H 2 , O^, and and eliminate microbial con- 
taminants through the production of excess chlorine from urine salts. The 
resulting semi-purified urine contains 2 to 2, 5 percent of primarily inorganic 
salts which must be removed by a final treatment system to obtain potable 
water. 
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This report describes the design and fabrication of a flight concept prototype 
electrolytic pretreatment unit (EPU) and of a contractor- furnished air ex»^epo- 
ration unit (AEU), The integrated EPU and AEU potable water recovery 
system is referred to as the Elec trovap and is capable of processing the 
urine and flush water of a six-man crew. 

The report also presents results of a five-day performance verification test 
of the Electrovap system and plans are included in the Appendix for the 
extended testing of the Electrovap to produce data applicable to the combina- 
tion of electrolytic pretreatment with most final potable water recovery sys- 
tems. Plans are also presented in the Appendix for a program to define the 
design requirements for combining the electrolytic pretreatment unit with a 
reverse osmosis final processing unit. 


S' Section 3 

PROGRAM OBJECTIVES 

The objectives of this progi?am were: 

A, To design and fabricate an electrol-ytic pretreatment s'ystem that 
can be need to verify, by demonstration tests, the benefits projected 
for combining electrolytic pretreatment with several different final 
processing subsystems for water recovery. 

B. To integrate the completed electrolytic pretreatment unit with a 
contractor-furnished air evaporation unit and to subject the overall 
configuration to a five-day operational verification test, 

C, To devise a plan for extended operation of the combined electrolytic 
pretreatment and air evaporation units to obtain data common to the 
use of electrolytic pretreatment with all distillation systems. 

D. To prepare plans to define the design requii’ements for combining 
electrolytic pretreatment with a reverse osmosis water 
reclamation unit. 


Section 4 

PRELilMINARY DESIGN 

Preliminary designs of the electrolytic pretreatment unit (EPU) and the air 
evaporation unit (AEU) were prepared to determine component sizes and flow 
rates and to show the relative locations of components, plumbing, and control 
and monitoring panels. The results of the preliminary design studies are 
pi‘esented in this section. 

4.1 ELECTROLYTIC PRETREATMENT UNIT PRELIMINARY DESIGN 

A preliminary electrolytic pretreatment unit design was prepared indicating 
the function, arrangement, and operation of all dynamic components. The 
preliminary design was based on portions of the technology developed in the 
construction of the electrochemical water recovery system under a previous 
NASA contract, NASl-8954 (Reference 2). The concepts developed 
in the previous program were utilized in the EPU preliminary design, and 
additional control system flexibility was incorporated to allow the unit to be 
readily integrated with any of several final processing methods, 

4.1.1 Design Requirements 

The unit was designed to process urine and flush water for a crew of six. 

A design process capacity of 25. 86 lb of urine and flush water per day was 
used, based on a urine output of 3. 45 Ib/person-day and a flush water usage 
of 0. 86 Ib/person-day. A design process rate of 3. 22 Ib/hr was selected to 
allow pretreatment of each day's urine and flush water in 8 hr of processing 
time. The minimum portion of candidate space station orbits in sunlight is 
approximately 14 hr, allowing ample time for processing in sunlight only 
(corresponding to times of increased electrical power for missions using 
solar cells) with sufficient resex've for makeup processing in the event of 
a unit malfunction. 
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Comparative data on actual and design point urination volumes and calculated 
processing times for the EPU and the AEU are given in Table 4-1. Processing 
times in the table are based on a urine organic content of about 24, 000 ppm 
The EPU process time is keyed to the amount of organic material that must 
be removed, not the amount of liquid to be processed. The air evaporator 
process time is, however, directly related to the amount of liquid to be 
processed, and its worst case is the Space Station Protot 5 rpe (SSP) design 
point for a male-female urinal, 13,9 hr. 

Table 4-1 

COMPARATIVE URINATION AND FLUSH WATER VOLUMES 
AND CALCULATED PROCESSING TIMES 

6-Person 6-Person| EPU Air Evap 
6-Person Flush Total Hours Hours 

Output Rate Output Water For To To 

(Ib/person- Rate Usage Day Process Process 

Source day) (Ib/day) (Ib/day) (Ib/day) (hr) (hr) 

EPU design 3.45 . 20.70 5,16 25.86 8.0 8.0 

point 

SSP design 3.44 20.65 12.00 32.65 8.0 10.0 

point (male 
urinal) 

SSP design 3. 44 20. 65 24.00 44.65 a. 0 13.9 

jioittt (male- 
female 
urinal) 

90-day test 5.00 30.00 5.16* 35.16 11.6 10.9 

maximum 

90-day test 3. 31 19. 86 5. 16- 25. 02 7.7 7. S 

average 

90-day test 1.82 10.92 5.16* 16. 08 4,2 5.0 

minimum 1 1 

*5, 16 selected for comparative purposes. Actual flush water used in auto 
matic mode of urinal flushing was 0, 54 Ib/person-day (for 6 persons this 
would be 3.24 Ib/day), 


Table 4-2 lists the constraints and guidelines followed in the preliminary 
design of the EPU, The control logic^ transfer cycles, and process circula- 
tion cycle methods employed in the design were selected to be conapatible 
with a zero- to 1-g environment, I’o avoid high costs, nonpressurized 1-g 
tanks are used with liquid level float- type quantity sensors to provide volume 
control and readout. Also, to avoid employing a zero-g liquid gas separator, 
the electrolytic batch tank serves as a separator, and is continually vented. 
The switch closure quantity signals used as inputs to the control logic with 
this type of system are comparable to quantity signals produced by zero-g 
position indicating bellows systems, and thus the logic functions are identical 
to a zero-g design, 

4.1,2 Flow Diagram 

The mechanical schematic prepared in the preliminary design is shown in 
Figure 4-1. No changes were made in this basic configuration in the latter 
phases of the program. 

The incoming urine and flush water pass through a liquid level controlled 
solenoid valve (SV5), which prevents overfill of the urine storage tank. When 
a batch is to be processed, the inlet valve (SV2) is moved to the transfer 
position and the urine transfer pump (PI) is activated to fill the electrolysate 
tank. SV2 is then positioned to allow circulation through the cell, and the 
circulation pump (P2) is activated. On completion of batch processing, 
signaled by a tinier and an oxygen sensor, the outlet valve (SVl) is positioned 
to transfer the liquid to the pretreated urine storage tank and the pretreated 
urine transfer pump (P3) is activated. 

4, 1. 3 Materials Evaluation 

To evaluate candidate materials for uso in the Electrovap design, a glass- 
ware materials test setup was fabricated. A schematic of the test rig is 
shown in Figure 4-2, and a list of materials evaluated is presented in 
Table 4-3. The test loop used a nutating disc piimp to circulate 2-liter 
batches of urine and flush water through an electrolysis cell. The 
circulating pTiinp and electrolysis cell designs were identical to those 
proposed for use in the EPU. The temperature of the circulating 


Table 4-2 

DESIGN CONSTRAINTS AND GUIDELINES 


Mission Model 


Mission dui'ation 
Resupply capability 
Gravity mode 
Mission objective 

2 years 
180 days 
see text 

Space station/sp ace base 

Vehicle Model 


Compartment size 

Diameter: 156 in. 
Height: 8Z in. 

Crew Model 


Number of crewmen 
Height of man 
Weight of man 
Metabolic activity 

Average for 24 hours 

■ ■ 6' 

6 ft 

160 to 190 lb 

150 percent (zero g) 

Basal metabolism rate 

Atmosphere Model 


Cabin total pressure 
Gas composition 

7. 0 to 14. 7 psia 
3. 5 psia oxygen diluent 
nitrogen 

Carbon dioxide 
Partial pressure 

0 to 3. 0 mm Hg 

Temperature (dry bulb) 
Dew point 

65 ® to 75“ F adjustable 
46 “to 57“F for any dry 
bulb temperature 

Waste Water Moder(Maximums) 

Ib/man-day Ib/day • 

Urine 

Flush 

3.45 20.70 

0.86 5. 16 


electrolysa.te was limited to approximately 150 with the use of a single- 
pass shell and tube heat exchanger, using city water for coolant. 


Nine batches were processed in the materials test rig, as indicated in 
Table 4-3. Materials were placed in the test chamber so that they were 
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Figure 4-1. Preliminary Design Schematic of the Electroiytic Pretreatment Unit 
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half in the urine and flush water being electrolyzed (electrolysate) and half 
in the vapor above the electrolysate. After the last batch was processed, 
the materials under test were left in the pretreated urine solution for a 
period of 40 weeks. The materials were then removed from the solution 
and the photograph in Figure 4-3 was taken. 

All uncoated metals exhibited evidence of corrosion in the vapor portion of 
the test chamber. Stainless steels tested exhibited very little corrosion 
when in liquid only. All plastics tested except for urethane foam appeared 
relatively unaffected by the environment. The uncoated urethane foam lost 
all of its strength and disintegrated after being in the test chamber during 
the processing of five batches. The urethane foam coated with polyvinyl 
chloride {PVG) lost much of its compressive strength but maintained its 
form. Examination of the PVC- coated foam after the 40 -week soak in the 
pretreated urine revealed no additional loss in strength. Because the 
available performance data from previous programs using similar wick 
packages were obtained using urethane foam spacers in the wick air -flow 
passages, it was decided to use the PVC-coated foam in the wick packages 






Table 4-3 

MATERIALS EVALUATED IN TEST SETUP 


Material 


1 /4-in. -OD polyethylene tube 


1 /4-in. - OD polypropylene tube 


3/8-in.-OD polypropylene tube 


>-in.- QD vinyl plastic tube 


1 /8-in,-thick polycarbonate sheet 


1 /4-in.-thick acrvlic sheet 


AN804D alumimira tee 


GRES Type 316 wool 


GRES Type 316 tee (in vapor only) 


+j 

Pi a) u 
0) U3 
lO ® 
: 


X X 


X X 


X X 


X 


X X 


(Badly rusted 


(Rust visible 


X I X I X IX 
after one batch) 


after one batch) 


aae foam 

rj 


X 

LJLJ 

1 X 


X (Disintegrate 


PVG-coated urethahe foam 


Polyethylene netting 


Rayon viscose felt 


l/32-in.-OD GRES Type 308 ELG rod 


l/4-in.-OD 6061-T6 A1 tube 


Coaxial connector - gold anodized 


D polypropylene rod 


1 /14-in.- GD GRES Type 304 tube 


AN GRES Type 3p4 B-nut 


AN GRES Type 316 B -nut 


AN GRES Type 316 Union 


X X X 


XXX 


X X X 


X 


XIX X 


X X X 


X X 


X X 


X X 


X 


X X 


X X 


X X 


X X 


X X 


X X 


X i X 


X X 


X X 


X X 


5/8-in.-OE 

1 CRES Type 347 tube 

IB 

IHI 





HI 


X 

i/lb-im-Oi 

D GRES Type 347 rod 

a 

aa: 

i X 

X 

X 

X 

1 X 

X 


1/8 -iia*-OD Teflon tube 


LX 

X 

X 

X 

1 X 

X 

X 


Type 106 RTV adhesive 


e 109 RTV adhesive 


Type 118 RTV adhesive 


X's denote dates on which materials were tested 











































































































































for this program even through this material was not completely resistant to 
the effects of pretreated urine. 

Anodized aluminum withstood the test chamber environment relatively well. 
However, scratches or chips in the anodizing quickly precipitated blisters 
and corrosion under the surrounding coating, and led to a spreading of 
corroded areas. 

4. 1. 4 Polarographic Oxygen Sensor 

The concentration of the oxygen gas above the electrolysate was previously 
found to be a reliable indicator of the completion of the conversion of organics 
to inorganics in the electrolytic loop. Accordingly, a polarographic oxygen 
sensor with appropriate readout was installed in the materials test loop to 
evaluate sensing oxygen content of the by-product gas as a method of process 
control. 

A typical oxygen concentration curve obtained with the polarographic sensor 
shows that the oxygen level dropped rapidly at the start of processing and 
remained at a level of less than 5 percent until near the end of the processing 
cycle. This is indicated in Figure 4-4, Batch sizes were found to have 
little effect on the basic curve shape, but influenced the time scale of the 
curve. 

Repeatable performance was obtained from the oxygen analyzer for the 
several batches processed, and it was believed that control of the end point 
of the pretreatment process by the oxygen content of the by-product gas 
would enable pretreatment of each batch processed to a similar total organic 
carbon level. The polarographic oxygen sensor control is used in conjunction 
with a timer in the EPU design to ensxtre that each batch is processed for a 
minimum time and that the oxygen content in the by-product gas drops to a 
preset low level and then rises to a preset upper limit. 

4. 1, S Control Methods 

In addition to the polarographic oxygen sensor and timer control of the 
pretreatment end point, logic and control methods were evaluated for all 
modes of unit operation. A preliminary operating sequence was developed as 

.. . . .17 . : . 
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TIME, HOURS 

Figure 4-4, Polarographic Oxygen Sensor Reading — 2-Liter Batch 

shown in Figure 4-5, and. methods of imp’.ementing the desired control func- 
tions were evaluated. 

Manual overrides were evaluated for all control ftinctions, and four key 
functions were identified on which manual override or mode selection switches 
were necessary. These are: (1) oxygen sensor override switch, (2) timer 
override switch, (3) tank heater operation mode switch, and (4) electrolysate 
tra.nsfer control switch. Other than these override functions, all unit opera- 
tions are carried out only under automatic control. 

4. 1. 6 Configuration Evaluation 

Careful attention was given to the EPU configuration and layout in the pre- 
liminary design phase. Design analysis considered not only man’s interaction 
with the equipment in laboratory tests, but also human engineering design for 
eventual utilization in space. The design study considered such human 
engineering factors as overall operability and maintainability, accessibility, 
standardization of fasteners and tools, selection and layout of controls and 
displays, and packaging of components for ease of maintenance. 







































Although the scope of jhe program did not permit extensive use of custom- 
designed and manufactured partSj all the human engineering considerations 
were implemented in the design of the unit to the fullest extent possible 
within schedule and budgetary constraints. 

Early in the preliminary design work, the following ground rules for the 
configuration were formulated: 

A, Based on the frequency of access required, it was decided to pro- 
vide front access for major components in the EPU (pumps, plug 
valves, electrolysis cell, filters, and controllers) as well as for 
operating and monitoring controls and displays. Rear access was 
to be provided for the urine storage tanks, 

B. To minimize the niimber of tools required, the concept of 
standardized fasteners was adopted for mounting replaceable 
components. Rapid access was to be provided to the rear of the 
control panel. 

C, Ease of maintenance was to be an important consideration in the 
arrangement and packaging of all components, and electrical 
components were to be provided with electrical connectors to allow 
ready replacement or removal for servicing at a remote work 
station.. 

D. Controls and displays were to be grouped into functional arrange- 
ments 2 ind where appropriate, guards specified to prevent inadvertent 
control actuation. 

Experience accumulated in the development of similar life support units was 
used for preparing preliminary configuration layout sketches. Next, iull- 
scale soft mockups (made from a cardboard-styrene foam- cardboard sandwich 
material) of individual components were constructed. Taking advantage of the 
flexibility of the soft mockup technique, various arrangements of the compo- 
nents were assembled and evaluated. Mockups- of the individual components 
were refined, rearranged, and evaluated by engineers with experience on 
previous versions of the electrolytic pretreatment unit. 

Figures 4- 6 through 4-8 show some of the configurations of the individual 
mockup components which were evaluated before arriving at the final configu- 
ration shown in Figure 4-9. 

2tJ 




Figure 4-6. Dynamic Component Arrangement of Electrolytic Pretreatment Unit — horizontal Electrolytic Cell 


Figure 4-7. Dynamic Component Arrangement of Electrolytic Pretreatment Unit - Vertical Electrolytic Cell 
























After the basic three-dimensional component arrangement was determined, 
soft mockups of the frame, logic package, and control panel were fabricated, 
and all individual component mockups were assembled into a mockup of the 
completed EPU. 

Figure 4-10 is a photograph of the front view of the completed mockup. The 
rear view of the mockup is shown in Figure 4-11. 

The soft mockup technique proved to be an invaluable tool in the preliminary 
EPU design. "With this method, a great variety of configurations could be 
evaluated rapidly. Clearances and maintainability aspects were readily 
apparent from inspection of the three-dimensional layouts, and control panel 
arrangement and nomenclature were evaluated in full-size, thrse- dimensional 
form. 

4.2 AIR EVAPORATION UNIT PRELIMINARY DESIGN 

Table 4-4 presents the major activity areas required for the preliminary 
design of the closed- cycle air evaporation unit. This unit was designed 
utilizing experience and test data from similar units developed for the NASA 
60- and 90-day manned test programs conducted by MDAC {References 3 and 
4). Since this unit processes electrolytically pretreated rather than 
chemically pretreated urine that was used for the 60- and 90-day test units, 
the materials of construction of the new unit were upgraded to withstand tem- 
peratures to 220 ®F aiid the corrosive vapors expected from electrolytically 
pretreated urine. Also, the wick package was redesigned using materials 
that could withstand the concentrated brine and dried residues resulting from 
dehydrated, electrolytically pretreated urine. 

4,2.1 Design Requirements ^ 

The AEU design urine feed rate of 3. 22 Ib/hr was based on the EPU design 
requirements discussed previously. For this preliminary design, the 
following performance envelope was selected for analysis: 

Maximum wick inlet temperature = 220” F 
Minimum wick inlet temperature -160 ”F 
Maximxim wick inlet dew point = 100 ”F 
Minimum wick inlet dew point = 60 "F 










Table 4-4 

AIR EVAPORATION UNIT PRELIMINARY DESIGN 


Design Phase 

Activity 

Design Analysis 

©Thermal and mass transfer 
©Correlation with test data 
©Design requirements 
®Off- design performance 
evaluation 

Material and Component Selection 

©Corrosion resistance 
©High temperature resistanee 
©Component performance 
evaluation 

Controls and Instrumentation 

©Urine feed control and 
measurement 

©Condensate rate measurement 
©Fault isolation 
©Performance evaluation 
instrumentation 

System Integration 

©Maintainability 

©FMECA 

®Off-design operation flexibility 


AEU design analysis was made with tb.es e operational limits t/j provide 
sufficient information to evaluate system performance at off-design points. 


4.2.2 Flow Diagram 

Figure 4-12 illustrates the basic air evaporation/distillation cycle. Pre- 
treated urine is metered and fed to the wick, where the water is evaporated 
into the heated airstream. The humid air then passes through the carbon 
and particulate filter and throtigh the condenser, where the water is removed. 
The blower then recycles the dehumidified air back through the air heater, 
where the temperature is increased to the design set point, and into the wick, 

4. 2. 3 Evaporator Ideal Performance 

The ideal air evaporator performance, shown in Figure 4-13, was calculated 
by an analysis similar to that described in Reference 5. Figure 4-13 is a 
performance map of an ideal wick evaporator which assumes that all water 
is evaporated and the air leaves the wick at the adiabatic satui*ation tempera- 
ture. The map assumes that the evaporator heat and mass transfer 
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Figure 4-12. Preliminary Design Flow Diagram of Air Evaporation Unit 














parameters are sufficient to achieve an effectiveness {r\) equal to 1,0. The 
actual evaporator would not achieve this performance due to the boiling point 
rise of urine, or to the lack of sufficient area in the evaporator for heat and 
mass transfer, or both. However, as will be indicated, this curve can be 
used with an actual evaporator performance map to evaluate the predicted AEU 
performance, 

4. 2,4 Evaporator Actual Performance 

In order to calculate an actual evaporator performance map, the geometry 
of the wick evaporator must be known. For this preliminary analysis, the 
wick design for the 90 -day test (Reference 4) was assumed, since operating 
experience and test data are available for this design. A predicted air evapo- 
rator performance map, shown in Figure 4- 14, was calculated by an analysis 
similar to that described in Reference 6. 

A design point was established as follows; 

Urine feed rate (AWy) = 3.22 lb /hr 
Inlet air temperature = 200 “F 
Inlet air dew point = 80" F 

From this design point, an effectiveness (rj) of 0,722 was determined from 
Figure 4-14. The actual air flow and wick temperature drop were calculated 
from the ideal performance curve (Figure 4-13) by the following 
relationships; 

Actual air flow (lb /hr - (W^/aW^)' x 3 . 22/0. 722 

= (43)x 3. 22/0. 722 = 191 lb /hr 

Actual temperature drop = 0.722xAT* = 0. 722 x 98 s 72 "F 

The design air flow was calculated to be 191 lb /hr or 53 cfm. For compari- 
son, the air flow required to increase the feed rate to 5.0 lb /hr was calcu- 
lated to be 74 cfm with the maximum inlet air temperature of 220 ®F. Using 
this method, the performance at other inlet dew points and inlet temperatures 
was calculated at 53 and 74 cfrru Actual test data from the 60- and 90-day 
tests have been checked with this analysis and very good correlation was 
obtained. 
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Figure 4-14. Predicted Performance of Air Evaporator Wick 

4. 2,5 Controls and Fault Isolation 

The basic control and fault isolation requirements for the AEU which were 
studied during the preliminary design are illustrated in Figure 4-15. The 
urine feed is controlled by the incipient flooding sensor, which turns off the 
feed pump when it detects liquid carry-over from the wick. Normal control 
is resumed after a preset time interval that allows the sensor to dry out. 

The wick is considered expended when the process rate cannot be maintained 
above a preset minimum. When this condition is reached, the unit is auto- 
matically shut down and a visible indicator is actuated to signal that a wick 
change is required. 


An elapsed time indicator is calibrated with the. metering feed pump to pro- 
vide a urine feed totalizer. The condensate control is calibrated to batch a 
measured quantity of condensate with each actuation of the drain valve. 

Each batch is recorded by a counter, thereby providing a condensate totalizer. 
Alarms or automatic shutdown are provided for low air flow, high/low water 
temperature, and air heater overtemperature. 
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4.Z. 6 Wick Package Concepts 

Careful attention was given to m.an**machine interfaces during the preliminary 
design of the air evaporation unit. The basic man- machine considerations 
for the AEU were identical to tibose previously discussed for the EPU. How- 
ever, the wick package design is unique to the AEU and the man-machine 
considerations iir its easy removal and replacement without contaminating 
a spacecraft with toxins were important in the design. 

After a conceptual evaluation, two wick package concepts were selected for 
further study. In the concept illustrated in Figure 4-16, the wick package 
has a wedge shape, fits into a correspondingly shaped structure built with 
the air duct, aud is secured in position by quick- operating clamps* Sealing 
is effected by the wedging action and integrity of the seal is ensured by the 
rigidity of the mating structure* 

The concept for a wick package shown in Figure 4-17 uses a quick-release 
clamp to secure the replacea!>le item in the air duct and, in coordination 
wi^ sealing gaskets, to prevent air, liquid, and odor leaks* The sealing 
gasket shown is integral with the replacement package. Both ends of the 
I’eplacement package are equipped with a sealing gasket. 

After the Preliminary Design Review (Reference 7), a modification of the 
wedge concept was selected. A metal mockup was constructed and is illus- 
trated in Figure 4-18. In this concept, the wedge shape is incorporated into 
the shorter-depth dimension, thereby providing better sealing. Additionally, 
isolation flaps are provided which will permit isolation of the expended wick 
from the atmosphere during its removal and storage. The concept eleminates 
the need for external containers to store either new or unused wicks and 
allows them to be carried in a vehicle in simple racks. The hinged, doors 
also eliminate the necessity of the crew member handling of the expended 
wicks or exposure to odors from urine residues'. 
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1. REPLACEABLE WICK CARTRIDGE (FLAPS OPEN) 


2. INSTALLATION OF WICK CARTRIDGE 


WICK EVAPORATOR DEMONSTRATION UNIT 


a WICK CARTRIDGE INSTALLED 


4. FLAPS OPEN 


TOP REMOVED FOR VIEWING INTERIOR 


Figure 4-18. Replaceable Wick Cartridge Concept Mockup 



Section 5 

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS (FMECA) 

In conjunction witli the preliminary design of the EPU and AEU, a study was 
made of anticipated or possible failure modes and their criticality in terms 
of operator and crew safety, equipment degradation, quality of reclaimed 
water, and estimated down-time for repair. This study was used to define 
the anticipated maintenance requirements, fault detection/ shutdown logic, 
and required monitoring instrumentation. The study attempted to identify any 
single -point failure that could adversely affect either the crew or the EPU/ 
AEU system. 

Attention was directed toward eliminating potential failures that could lead to 
a premature termination of a mission or test. The methodology for perform- 
ing the FMECA involved describing the effect characteristics associated with 
each possible failure mode. The effect characteristics include possible 
causes, impact on the crew and system, maintenance times, fault detection, 
criticality classification, and recommended action. Failures were classified 
in accordance with the resulting effects as follows: 

Class Effect 

1 Fatal to one or more crew members 

2 Immediate abort 

3 Corrective action required; mission termination may result 

if alert levels are exceeded 

4 Alternate, backup system utilized or corrective maintenance 
required 

5 System performance degradation incurred, no requirement 

for correction 

r 

The analysis showed that there will be no Glass 1 or Glass 2 failures. 

Class 3 and Class 4 failures served as a basis for determining the fault 
detection/ shutdown logic and required monitoring instrumentation. Class 3 
and Class 4 failures may be used for maintenance provisioning or for setting 


requirements for redundancy for actual space missions or during terrestrial 
test programs. Class 6 failures result in degraded performance and serve 
to identify instrumentation and sensors to monitor appropriate performance 
parameters. 

The general results of the FMECA indicate tha.t the single most prominent 
Electrovap failure mode is leakage, which could cause objectionable odors 
and possibly liquids to enter the space vehicle. The components most likely 
to fail include the pumps, logic controllers, electrolytic cell, feed control, 
and blower. The complete FMECA is provided in Appendix A. 

Should the development of the Electrovap system proceed to flight status, 
additional engineering reliability analyses should be pei»formed. These 
analyses should include system simulation by a dynamic computer model to 
more accurately predict system behavior under a wide range of conditions. 
This type of simulation would enable the assessment of the impact of multiple 
failures, failure/ repair cycles, and maintenance times on system 
performance. 


Section 6 

DETAILED DESIGN 

The preliminary designs prepared for the EPU and AEU were presented to 
NASA personnel on October 3 and 4, 1972 in a Preliminary Design Review 
at MDAC. The material presented at the review is described in Refer- 
ence 7. A list of action items for further study was prepared as a result of 
the preliminary design review, and the results of the most significant of these 
studies are included in the text of this section. Work on the detailed design 
of the EPU and AEU was started after approval of the preliminary design by 
NASA-JSC. 

6. 1 ELECTROLYTIC PRETREATMENT UNIT DETAILED DESIGN 
6, 1. 1 Design and Layout 

The detailed design of the EPU implemented the objectives established in the 
preliminary design phase. The components are designed and arranged for 
easy access and quick disassembly for inspection and monitoring of long-life 
performance. The major dynamic components and the control/ status display 
panel are mount ed on the front of the unit (Figure 1-1). 

A rear view of the unit is shown in Figure 6-1. The urine storage, electro- 
lysate, and pretreated urine storage tanks are mounted on the back of the 
center panel. 

The control/ status display panel is shown in Figure 6-2. The control relays 
a.re mounted on the upper left of the panel, and each visible relay is equipped 
with a display light to indicate when it is energized. The resulting light 
pattern provides a visual display of the unit status and aids fault isolation and 
troubleshooting tasks. Each significant electrical circuit in the unit is pro- 
vided with an individual fuse, mounted below the relays and changeable from 
the front of the panel. When a fuse fails, a relay is activated which shuts 
down all power to the unit and lights a display lamp. Also, a flag built into 
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the fuse is automatically displayed, indicating which fuse has fuse has failed. 

I The temperature display and oxygen sensor controls and display are located 

^ in the next segment of the control panel. 

i 

I The tank level display is located to the right of the temperature and oxygen 

displays. The approximate liquid level in each tank is indicated by an 
individual three -light display for quick reference. A multiplexed level 
indicator is also provided to allow a more accurate reading oi the level. The 
process timer and other controls are located on the right side of the control 
panel. 

The control/ status display panel is hinged to allow rapid access to the rear 
of the panel. Figure 6-3 shows the hinged panel in the raised position and 
, illustrates the accessibility of the design for maintenance. Components are 

, grouped in functional modules for ease of assembly and maintenance. Modules 

“ include the relay/logic package, level sensor package, cell polarity inter - 

I change package, and the oxygen sensor package. Each module may be readily 
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removed from the unit for troubleshooting or repair. The modular packaging 
also allows the unit to be assembled in several relatively simple tasks rather 
than in one complex jo>' 

Electrical connectors ha. ^ been provided on individual modules and most 
electrical components to allow ease of replacement without need for rewiring. 
(Spare parts must, of course, be of the same configuration as the part to be 
replaced.) Dynamic mechanical components have been mounted on vibration 
isolating mounts and are equipped with common- sized, one-quarter-turn 
fasteners. The use of fluid-line quick-disconnects was evaluated in the 
design, but the disadvantages inherent in quick disconnects (i. e., propensity 
for leaking, high pressure drop, and longer during tubing runs) were considered 
to outweigh the potential benefits. Nearly all components may be changed 
with only limited amounts of liquid lost and without emptying any tank. Com- 
ponents that cannot be changed without draining the tank are the process loop 
outlet motor-actuated valve, the tank sample valves, tank isolation vaiveSj 
tank heaters, and tank temperature sensors. 

Figure 6-4 shows a comparison of the EPU soft mockup and the completed 
unit. Only minor changes were made to the unit configuration in the detailed 
design. The tank size was increased to accommodate the liquid level sensors 
selected in the final design, necessitating the raised rear-top cover, and the 
electrolysate filter housing size was reduced, allowing additional space 
between components. The reproduction of the mockup configuration in the 
final unit configuration (Figure 6-4) indicates the usefulness of the mockup 
technique for system design. 

6,1.2 System Description 

The finalized EPU mechanical flow schematic is shown in Figure 6-5. Urine 
and flush water are processed in 28-lb batches in the electrolytic pretreat- 
ment loop. On completion of processing, the pretreated urine is transferred 
to the pretreated urine storage tank. A raw urine storage tank is provided, 
permitting the unit to start a new electrolysate batch automatically 
immediately after the previous batch is completed. 
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Figure 6-5. Final Design Schematic of the Eleotrolytic Pretreatment Unit 



Each liquid tank is provided with a rubber septum through which a needle can 
be inserted in the tank to obtain samples for microbial analysis. A wad of 
cotton containing a biocide may be inserted in the space between the septum 
and the outer cover to produce asceptic sample collection. 

Plug valves are used as inlet and outlet valves for the electrolytic pretreat- 
ment loop to avoid stagnant dead-ends in the circulating electrolysate. All 
operations, except for filling the raw urine storage tank, are completely 
automatic. Float switches in the tank provide information on the liquid level 
to the automatic control system, and the liquid level status for each of the 
tanks indicates to the automatic control system whether a liquid transfer 
involving any two of the tanks can or cannot occur. Liquid-level information 
is combined with other sensed information (from the batch timer, oxygen 
analyzer, etc. ) by interconnected relays to formulate an order or series of 
orders to the operating components. 

In operation, the inlet plug valve (SVZ) moves to the fill position when a batch 
of raw urine is available in the raw urine storage tank (Tl). The urine shut- 
off valve (S V4) opens, and the transfer pump (PI) transfers the urine into the 
electrolysate tank (TZ). Valve SVZ then returns to the circulate position, 
valve SV4 closes, and transfer pump PI is shut off. 

When the electrolytic pretreatment loop completes a batch (determined by 
signals from the batch timer and the oxygen sensor) and there is room in the 
pretreated urine tank (T3), the outlet plug valve (SVl) moves to transfer the 
batch to tank T3, The electrolysate shutoff valve (SV3) then opens, and trans 
fer pump P3 transfers the finished electrolysate into tank T3. Outlet plug 
valve SVl then returns to the circulate position, electrolysate shutoff valve 
(SV3) closes, and transfer pump P3 is shut off. 

The secondary water recovery unit may then automatically withdraw the pre- 
treated urine from tank T3 and process it into potable water. When the 
liquid level of the pretreated urine tank is too low, a float switch in tank T3 
shuts off the secondary water recovery unit until more pretreated urine is 
available. 


A more complete description of the electrolytic pretreatraent unit operation 
and the function of individual components may be found in Reference 8. 

Control logic in the unit is provided by commercially available electro- 
mechanical latching and nonlatching relays. In establishing the logic design, 
a detailed analysis was made which entailed a conceptual design of both relay 
and solid-state systems. A comparison of the power, weight, and volume 
required for relay logic versus solid-state logic is given in Table 6-1. The 
large relay design was selected for the following reasons: 

A. Relatively high power losses are associated with the solid-state 
switching functions. 

B. Solid-state memories are volatile--i. e. , they fail to return to their 
proper state after power loss, unless a separate local battery is 
provided. 

C. The convenience of indicator lamps to display logic status built into 
the large relays is a considerable benefit to the unit operator. 

D. The miniature relays require more rigid power regulation than the 
large relays, and have limited capabilities to switch the relatively 
high currents present during pump and servo motor start-up. 

It is interesting to note that the relay logic circuit selected requires less than 
half as much power as the solid-state logic circuits. This is primarily 
because the solid-state circuits require a power supply that dissipates con- 
siderable energy. 


Table 6-1 

COMPARISON OF POWER, WEIGHT, AND VOLUME FOR 
SOLID-STATE VERSUS RELAY LOGIC SYSTEMS 


Item 

Solid-State 

Large Relays 

Miniature 

Relays 

Switching power (w-hr/day) 

405 

65 

65 

Logic power (w-hr /day 

221 

114 

80 

Total pow^er (w-hr/day) 

626 

179 

149 

Total weight (lb) 

4.1 

10.2 

6. 1 

Total volurhe (ft^) 

0.128 

0.372 

0. 252 


6. 1. 3 Control Functions 

A summary description of the EPU control functions is given in the following 
text. Additional information may be found in References 7 and 8. 

Float Switches— The float switches are magnetically actuated reed-type 
switches. They are mounted inside a sealed tube immersed in the liquid, and 
are actuated by magnets mounted in floats concentric to and outside of the 
tubes. The float switches provide information signals on liquid quantity to the 
control logic circuits. In addition to their control functions, all float switches 
display the liquid level status by operating separate panel lights. 

Timer— The timer determines the minimum duration of the electrolytic 
process. It serves as a backup for the oxygen analyzer /controller to ensure 
that incompletely processed batches cannot be transferred to the pretreated 
urine tank. A latching relay provides a nonvolatile memory to prevent reset- 
ting the timer should a power loss occur after the preset timer period of 
operation. 

Oxygen Analyzer /Controller— The percent of oxygen produced in the , 
by-product gas stream during electrolysis of urine increases as the organic 
materials in the urine are depleted by the electrolytic oxidation process. 
Figure 6-6 shows the total organic carbon reduction and the electrolysis gas 
oxygen content as a function of time during pretreatment of 4-liter urine 
batches. The percent of evolved oxygen is a reliable indication of the com- 
pletion of organic conversion, and is used to control the electrolytic pre- 
treatment end point. An oxygen analyzer is used with a polarographic sensor. 
The oxygen content of the gas stream is displayed on a meter mounted on the 
control panel and equipped with adjustable high and low set points. 

At the beginning of a batch, the gas in the electrolysate tank contains a high 
percentage of oxygen. As the new batch processing proceeds, this oxygen 
is flushed out by gases generated in the electrolytic cell which conteiih very 
little oxygen. This causes the oxygen content of the gas in the electrolysate 
tank to fall below the low- range set point of the Oxygen analyzer/ controller 
and activate a latching relay. As the processing proceeds and organic 
material in the urine is depleted, the oxygen content of the gas in the elec- 



trolysafce tank rises above the high set point. The batch is then ready for 
transfer to the pretreated urine tank provided the timer has reached the end 
of its cycle. The high and low oxygen latch relays are reset when the 
electrolysate tank is filled with raw urine. 

A typical elapsed time setting for the batch timer and the low and high set 
points for the oxygen analyzer/controller are shown in Figure 6-7. In normal 
operation, the batch timer is set for the minimum time required to process a 
batch. The oxygen analyzer/ controller will normally hold the batch for longer 
processing. 

Heater Controllers— Heaters are installed in the urine storage and pretreated 
urine storage tanks to control rnicrobial growth. The heater controllers 
maintain the desired tank temperatures. Temperature indicators independent 
of the temperature controller sensors are provided in each tank for temp- 
erature readout. If desired, the tank heaters may be controlled automatically 
so that heater action is inhibited should the liquid level in the heated tank fall 
below the low float switch activation point. 
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Figure 6-7. Typical Timer Duration and Oxygen Analywr/Controller Settings 

Main Power Switch - The main power switch shuts off all power to the unit 
when in the off position except for the timer clutch power. This switch may 
be used for emergency shutdov/n control. 

Process Power Switch - This switch controls the circulation pump, the 
electrolysis cell power, and the timer motor. It allows other unit components 
to remain on-line, but does not allow batch processing when in the off 
position. 

Oxygen Sensor Override - This control allows the polarographic oxygen 
sensor control function to be bypassed. It is a momentary switch and requires 
a separate positive actuation of the control for each batch transferred before 
the low and high oxygen setpoints are reached. 

Timer Override - This control allows a batch to be reprocessed by resetting 
both the timer and the oxygen setpoints. A positive switch actuation is 
required for the reprocessing of each batch. 



Electrolysate Transfer Control Switch - This momentary switch control allows 
transfer of processed electrolysate to the pretreated urine storage tank to be 
initiated even though the storage tank liquid is above the mid -level float switch 
actuation point. 

6. 1. 4 Component Selection and Drawing Preparation 

Components were selected in the detail design phase and sufficient detailed 
working and assembly drawings were prepared to permit fabrication and 
assembly of the EPXJ. The drawings prepared for the EPU are listed in 
Table 6-2. Reduced copies of these drawings maybe found in Reference 8. 

Components selected for use in the EPU were evaluated to ensure that they 
were compatible with the design requirements. Such factors as performance, 
power consumption, reliability, size, weight, volume, and noise level were 
considered in making the final component selections. 

6. 1. 5 Fabrication and Assembly 

Major components of the EPU were fabricated on a schedule designed to 
permit a logical assembly sequence. The frame and control panels were 
fabricated and major components mounted to ensure a correct fit. The 
components we'*'e then removed and parts requiring surface protection were 

Table 6-2 

ELECTROLYTIC PRETREATMENT UNIT DRAWING LIST 


Drawing No. 

Title 

1 ■ 

1T44333 

Electrolytic Pretreatment Unit 

1T4437B 

Frame Assembly, Electrolytic Pretreatment Unit 

1T44406 

Storage Tank Assembly 

1T44422 

Electrolytic Cell 

1T44477 

Control Panel, EPU 

1T44478 

Relay Box, EPU 

1T44675 

Schematic, Electrical, EPU 

1T44676 

Schematic, Mechanical, EPU 


The envelope dimensions of the EPU are 38 in, wide by 35 in. high by 22 in. 

deep. This envelope contains all components of the unit^ including the urine ” 

and pretreafced urine storage tanks which could be mounted remote from the 

unit in a flight system. The envelope dimensions of the unit, including the 

path swept by the hinged control panel in traveling to the access position, are 

shown in Figure 6-8. 

The dry weight of the completed unit is 291 lb. Approximately 40 percent of 
the weight is accounted for by the three tanks in the system. Due to the use 
of commercial components and to the selection of material thicknesses biased 
toward ease of fabrication, it is estimated that the unit weight is approximately 
150 percent of that obtainable for a flight unit. 
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6. 1. 7 Interface Requirements 

The electrical and mechanical interface requirements of the EPU are shown 
in Table 6-3. Direct current is utilized for the two-way solenoid valves and 
the electrolysis cell, but all other components operate on 120 vac. A switch 
closure is provided to signal a low level in the storage tank to the downstream 
final treatment system. 


Table 6-3 

EPU INTERFACE REQUIREMENTS* 

Electrical 

Electrolysis Cell Power 
20 to 28 vdc 
40 amp maximum 
Controller and Component Power 
120 V, 60 Hz single -phase ac 
20 amp meiximum 

Signal to Air Evaporator (to indicate low level in pretreated urine 
storage tank 

Switch closure indicates low level. Contacts rated for 
5 amp at 120 vac 

0 or 120 vac, 60 Hz supplied to illuminate the low level 
indicator in the air evaporator. Voltage indicates low level 

Mechanical 

Urine and Flush Water Inlet to Unit 
F emale quick disconnect 
Vent for Tanks 

Tube fitting, 3/ 8-in. OD 
Pretreated Urine Irom Unit 
Male quick-disconnect 

*See Reference 8 for mating interface connector part numbers. 
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Mechanical interfaces are selected to minimize the possibility of improper 
connection. 

6. 2 AIR EVAJPORATION UNIT DETAILED DESIGN 

The detailed design of the AEU implemented the objectives set in the pre- 
liminary design phase and incorporated the same design philosophy estabished 
for the EPU, 

6. 2. 1 Design and Layout 

The AEU components are contained in a totally enclosed cabinet (Figure 1-2). 

The location of major components is shown in Figure 6-9. The enclosure 
concept minimizes heat loss and provides an effective sound barrier. 

Additionally, all air-flow components were thermally or acoustically 
insulated. The acoustical isolation of the blower was a primary concern due 
to the high-frequency noise problems associated with high-speed aerospace 
blowers. 

The control/ status display components are mounted on two hinged panels, 
which are mounted on the front of the AEU, These two panels are shown in 
Figure 6-10. A functional control schematic incorporated in these panels 
(Figtire 6-10) provides a visual location of the control/status displays which 
is useful for fault isolation activities. 

Visual display of the system air pressures in the closed loop is provided by 
pressure gages. Air-flow measurement is provided by a differential pres- 
sure gage/ switch in conjunction witli a calibrated flow tube. Temperature 
measurements are obtained by means of the thermocouple selector switch 
and temperature -indicating meter. 

The operational status controls in the upper portion of the right-hand panel 
include the main power control switch, mode status indicator, fuse failure 
indicator, and elapsed time recorder. The mode status indicator is a split 
display in which the processing or standby mode is illuminated, depending on ” i 

the operational condition of the AEU. The fuse failure indicator is illuminated 
when a system fuse fails and will automatically place the AEU in the standby 
mode until the malfunction is corrected. 
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The condensate collection cycle display is located directly below the oper- 
ational status controls. The condensate collection cycles are recorded by a 
counter with each actuation of the condensate sump float switches. Each 
actuation of the counter represents a calibrated quantity of condensate, 
thereby providing a visual indication of the total condensate collected. 

The storage tank control/ status displays are located to the right of the con- 
densate collection cycle counter. The storage tank level status is provided 
by six level indicators which are illuminated by the actuation of six individual 
float switches in the storage tank. The level indicator labeled "full" also 
places the AEU in the standby mode. The heater control switch is located 
to tide left of the level status indicators for the storage tank. 

The pretreated urine feed pump controls are located in the center of the 
right-hand panel. The input supply low indicator is illuminated whenever tide 
EPU pretreated urine tank level is low. Actuation of this indicator auto- 
matically places the AEU in the standby mode. With the feed pump control 
switch in the enable position, the feed pumps are automatically controlled by 
the wick process control. The on-indicator and cycle counter are activated 
with each feed pump cycle. Each activation of the cycle counter represents 
a calibrated quantity of pretreated urine, thereby providing a visual indica- 
tion of the total feed. 

The wick status controls are located directly below the feed pump controls. 
The wick saturated indicator is illuminated whenever the incipient flooding 
sensor detects liquid in the lower portion of the wick. Activation of this 
sensor inhibits the feed pump activation until the liquid is evaporated. The 
process rate low indicator is illuminated and the AEU placed in the standby 
mode whenever less than 10 feed pulses occur in 30 minutes. The interval 
is timed by the minimum process rate timer. 

The air heater controls are located in the lower portion of the left-hand panel 
Two banks of air heaters are controlled by two proportioning temperature 
controllers. With the air heater control switch in the enable position, the 
heater controls function automatically, but are overridden by the blower low 
flow switch. The high air temperature indicator is illuminated when the air 
temperature rises above a preset limit established by a temperature switch. 
This switch deactivates both heater controls. 
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The blower controls are located in the center of the left panel. These con- 
trols include the circuit breaker and a flow out-of -tolerance indicator. The 
flow out -of -tolerance indicator is illuminated and the AEU placed in the standby 
mode whenever the flow is below a preset minimum established by the flow 
tube differential pressure switch/gage. Flow control is provided by a damper 
located as shown in Figure 1-2. A time delay of approximately 20 seconds is 
incorporated into the low air flow control to permit initial system startup. 

The major electrical/ electronic components, feed pumps, and potable water 
storage tank are located in the center of the AEU behind the two control 
panels. A view of the interior of the AEU with the two hinged panels open is 
shown in Figure 6-11. The major portion of the AEU controls is located in 
the control/ logic circuit module. This module as well as the major compon- 
ents utilizes electrical connectors for ease of removal and replacement. 

The development of the wick package was a major design effort. A disas- 
sembled view of the final wick package design is shown in Figure 6-12, This 
design incorporated the wedge concept evaluated during the preliminary 
design phase. The incipient flooding sensor is a heated thermistor which 
activates the wick saturated control function when cooled by liquid. When 
the wick package is assembled, the incipient flooding sensor is located in a 
small cavity in the lower portion of the wick. The entire wick package is 
Teflon-coated for corrosion-resistance. Self-sealing quick- disconnects are 
provided in the feedline at the AE-U/EPU and wick package interfaces, 

6.2.2 System Description 

The finalized AEU mechanical flow schematic is shown in Figure 6-13. Pre- 
treated urine is metered and fed into the wick where the water is evaporated 
in the heated airstream. The urine feed rate is established by logic circuits 
which utilize an adjustable timer and an incipient wick flooding sensor to con- 
trol the feed pumps. The heated air then passes through the carbon filter and 
the condenser where the water is removed. The blower then recycles the 
dehumidified air back through the air heater, where the temperature is 
increased to the design set point, and back into the wick. 



Figure 6-1 1 
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Figure 6-12. Disassembled View of Wick Package 
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Figure 6^13. Final Design Schematic of Air Evaporation Unit 




The system described in Figure 6-13 is essentially the same as described in 
Figures 4-12 and 4“ 15 for the preliminary design phase. However, the 
following changes have been made in the detailed design configuration; 

A. The particulate filter downstream of the carbon bed was eliminated, 
as the coconut shell charcoal used in the carbon bed exhibited very 
little charcoal dusting. Additionally, since the carbon bed is con- 
tained in two Teflon- coated stainless-steel wire screens, the carbon 
bed was considered an adequate filter. The screens are 30 by 

30 mesh with 0. 01 -in. -diameter wire. 

B. The water storage tank high/low temperature alarms were 
eliminated. It was determined that the automatically controlled 
storage tank temperature could be adequately monitored on the 
temperature display. Additionally, this tank would normally be 
considered as a portion of the water storage and distribution sub- 
system in a flight water recovery system and the tank and associated 
controls probably would not be installed in the AEU. 

C. The water distribution pump was eliminated. As noted in Item B, 
the water storage tank was not actually considered an integral part 
of the AEU. A simple tank drain line was therefore installed, 

D. Two urine feed pumps were installed. Bench testing of the urine 
distribution manifold revealed that the actual pumping flow rate of 
250 mliter/niin used during the 90-day test (Reference 4) was not 
adequate for uniform distribution in the wick package. The two 
pumps, which are installed in parallel, provide a maximum flow rate 
of 450 mliter/ min, providing very good wick distribution, 

E. The final design of the wick package resulted in a wick with less 
evaporation area than in the 90-day test design (Reference 4). This 
loss in area was due to the 3/8-in.-thick PVC-coated urethane foam 
spacers used in the new design, as opposed to the 1/4-in. -thick 
uncoated urethane foam spacers used in the 90-day test. Additionally, 
some wicking surface was lost due to the wick cover flange design. 
The difference between the two wick cross-sections is shown in Fig- 
difference between the two wick cross rsections is shown in Fig- 
ure 6-14. The effect of this reduction in evaporation area was 
calculated by the same analysis used during the preliminary design 
phase. The results of this analysis are shown in Figure 6-15. By 
comparing the design point of 3, 22 Ib/hr feed at 200® F inlet and an 
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Figure 6*15. Predicted Performance of Wick — Final Design 

80® F dew point with that previously obtained for the 90-day test 
(Figure 4-14), it can be seen that the loss in area will require an 
increase of airflow from 53 cfm to 58. 3 cfm. 

6. 2. 3 Control Functions 

The basic controls for the AEU blower, air heater, tank heater, and oper- 
ational status were discussed in the design and layout section. These control 
functions are rather conventional. However, the urine feed control is unique 
and will be discussed in more detail. 

The new urine feed rate control is a major improvement over the 90 -day test 
design. For the 90 -day design, the urine was batch-fed at a pumping rate of 
250 mliter/min for 4 minutes each hour. This method provided a 1, 000 
mliter/hr or 16.7 mliter/min average feed rate. However, as previously 
stated, bench tests revealed that this method did not achieve uniform dis- 
tribution in the wick package. A new method was devised in which the pump- 
ing rate is increased and the feed duration is decreased. This method 
provides higher pressure in the manifold and better distribution. 
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After evaluation and testing, a pumping rate of 450 mliter/min was selected 
for good manifold distribution. To achieve the design feed rate of 3. 22 lb /hr 
or 24, 4 mliter/min, a urine feed pump on-time between 3 and 6 seconds 
was selected with a ratio of 0, 0573 pump on-time to pump off-time. 

The shorter the on-time, the less chance of flooding, and it was estimated 
that pump times longer than 6 seconds would substantially increase the 
possibility of flooding. 

The feed control allows the pump to pulse at the preset frequency until wick 
saturation is achieved as determined by the incipient flooding sensor. 
Activation of the incipient flooding sensor inhibits the feed pumps until the 
excess liquid evaporates from the wick. As the wick becomes loaded and can 
accept less liquid before flooding, the number of feed pulses within a preset 
time internal decreases. The minimum process rate timer is set for a 
30 -minute period. If less than 10 pulses occur before the 30-mintjite timer 
resets, as determined by a stepping relay in the control logic, the feed con- 
trol illuminates the process rate low indicator and places the AEU in the 
standby mode. The activation of this portion of the control indicates that 
the wick process rate has lowered to 8. 13 mliter/min. The wick should be 
changed, since at this lower rate the AEU cannot process the design require- 
ment of pretreated urine in less than 24 hours. 

6. 2. 4 Component Selection and Drawing Preparation 

The major components were selected during the detailed design phase and 
sufficient detailed drawings were prepared to permit fabrication and assem- 
bly of the AEU. A list of the drawings prepared for the AEU appears in 
Table 6-4. 

Components selected for use in the AEU were evaluated to ensure that they 
were compatible with the design requirements. Such factors as performance, 
power consumption, reliability, size, weight, volume, and noise level were 
considered in making the final component selections. 

The blower which was selected has sufficient capacity to provide flows in 
excess of 85 cfm. This excess capacity will permit operation of the AEU 
at higher feed rates than the 3. 22 Ib/hr design rate. Flow control is provided 
by a damper at the blower discharge. This flexibility of the design will per- 
mit a thorough parametric evaluation of the air evaporation process. 
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Table 6-4 

AIR EVAPORATION UNIT DRAWING LIST 


Drawing No. 

Title 

1T4433Z 

Air Evaporation/Distillation Unit 

1T44546 

Mechanical Schematic 

1T44547 

Electrical Schematic 

1T44548 

Frame Assembly 

1T44549 

Wick Package 

1T44550 

Heater Package 

1T44551 

Charcoal Filter 

1T44552 

Lower Transition 

1T44553 

Blower Transition 

1T44554 

Control Panel 

1T44555 

Eliminator and Sump Transition 

1T44556 

Flow Tube to Blower Connection 

1T44557 

Storage Tank Assembly 


The materials selected for the AEU were based on results of the material 
evaluation test conducted for the EPU, All ducting was coated internally with 
TefloUj and most components in contact with the airstream were either 
Inconel or a corrosion- resistant plastic such as polypropylene. Due to manu- 
facturing and fabrication limitations, the condensate sump and heater fins were 
constructed of stainless steel. The condenser is alodined aluminum: it was 
selected as the best unit available within budget limitations. On the basis of 
limited testing, either anodized or alodined treated alumh.um appears to be 
satisfactory for this application. It was originally intended to obtain a special 
blower with Teflon coating on all surfaces exposed to the airstream. However, 
the blower was provided by the vendor with a corrosion- resistant finish, and 
it was decided to evaluate this blower initially without the expense of Teflon 
coating. After the functional checkout, these components will be inspected 
for possible corrosion. 


6. 2, 5 Fabrica tion and Assembly 

Major components of the AEU were fabricated to a schedule designed to 
permit a logical assembly sequence. The frame, ducting, wick package, and 
control panels were fabricated and major components mounted to ensure a 
correct fit. Particular attention was directed to the wick/duct mating 
flanges. The components were then removed and parts requiring surface 
protection were painted or Teflon-coated. All components were then per- 
manently assembled and the electrical wiring of the unit completed, 

6. 2, 6 Envelope Dimensions and Weight 

The envelope dimensions of the AEU are 51 in. wide by 44 in. high by 19 in. 
deep (Figure 6-9). This envelope contains all components of the unit, 
including the water storage tank which would be mounted remote from the 
unit in a flight system. However, due to the physical limitations of the wick 
and carbon filter, removal of the water storage tank would not reduce the 
size of this envelope. 

The dry weight of the completed unit is 39B lb. Approximately 10 percent of 
this weight is accounted for by the water storage tank. Due to the use of 
commercial components and the selection of material thicknesses for ease 
of fabrication, it is estimated that the unit weight is approximately 120 per- 
cent of that obtainable for a flight unit. 

6. 2. 7 Interface Requirements 

The electrical and mechanical interface requirements of the AEU are shown 
in Table 6-5. Direct current is required for most relays and the counters. 
The feed pumps, heaters, timers, and other controls operate on 120 vac. 

The blower operates on 208 vac, three-phase, 400 Hz power. An EPU/AEU 
interconnecting signal is provided to signal a low level in the EPU storage 
tank to the AEU, 

The majority of the instrumentation is inside the AEU. The only instrumenta- 
tion interface required is for the relative humidity sensors. These sensors 
provide a resistance signal which varies with humidity and can be read with 
a conductivity/ resistance bridge and a calibration curve. 


Electrical 


Table 6-5 

AEJ INTERFACE REQUIREMENTS 


Relay and counter power 
28 vdc 

5 amp maximum 

Air heater bank No. 1 power 

120 V, 60 Hz single -phase ac 
20 amp maximum 

Air heater bank No, Z, feed pumps, and timer control power 

120 V, 60 Hz single -phase ac 
20 amp maximum 

Water tank heater power 

120 V, 60 Hz single -phase ac 
20 amp maximum 

Blower power 

208 V, 400 Hz three-phase ac 
5 amp maximum 

Signal to AEU from EPU (indicates low level in pretreated 
urine storage tank) 

Switch closure indicates low level. Contacts rated for 
5 amp at 120 vac 

0 to 120 vac 60 Hz supplied to illuminate low level indicator 
in the air evaporator. Voltage indicates low level 

Instrumentation 

Humidity indicator at wick outlet 

1, 000 to 100, 000, 000 ohms resistance 
Humidity indicator at condenser outlet 

1, 000 to 100, 000, 000 ohms resistance 
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Table 6-5 

AEU INTERFACE REQUIREMENTS (Continued) 


Mechanical 

Pretreated urine inlet to unit 
Female quick-dioconnect 
Condensate water from unit 
Tube fitting, 3/8-in. OD 
Coolant supply to unit 

Tube fitting, 3/4-in. OD 
Coolant return return from unit 
Tube fitting, 3/4-in. OD 

Mechanical interfaces are selected to minimize the possibility of improper 
connection. 
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Section 7 

OPERATIONAL, VERIFICATION TESTING 

The completed Electrovap was operated to prove its functional capability. 

The EPU and AEU were first tested with distilled water and all normal 
system functions and operating modes were demonstrated. Real urine mixed 
with flush water was then used as a feed to the EPU, the px'etreated EPU 
product solution fed to the AEU, and a five-day integrated system test run. 

The setup and results of the five-day test are discussed in the following text. 

Although the test results presented in this section look vei-y promising, 
the data represent only short-term system operation under one set of con- 
ditions. Additional parametric test data are required to more fully 
characterize the Electrovap system, 

7, 1 TEST SETUP 

The operational verification tests were conducted in the Space Vehicle Simu- 
lator located in Building 3 1 at MDAC's facility in Huntington Beach, 

California. Figure 7-1 shows the EPU and AEU in place during the test. 

The test bed was equipped with chilled coolant supply and return, 

208-vac, 400 -Hz power, 115 vac, 60 -Hz power, 28 -vdc power, a nitrogen- 
purged vent exhausting to the building exterior, and a thermal control system 
to maintain a constant ambient temperature. Chemical and microbial analysis 
laboratories are located in the building, allowing rapid checks to be made of 
system performance. 

7.2 TEST PROCEDURE 

Urine for the five-day performance verification test was collected daily, 
stored at 40 “F overnight, and diluted with distilled water simulating flush 
water before being added to the EPU each morning. To allow for chemical 
and microbial samples, the maximum possible batch sibe was fed to the EPU 
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for each day's testing. This corresponded to a total batch of 28 lb, 
composed of 22.4 lb of urine and 5, 6 lb of flush water. Approximately 
0. 2 mliter of an anti-foaming agent per liter of urine was added to the 
EPU feed to prevent foam blockage of the vent line. 

The urine and flush water mixture was then electrolyzed to a TOC level of 
approximately 1, 000 ppm and transferred to the EPU pretreated urine 
storage tank for feeding to the AEU. This normally occured approximately 
nine hours after EPU start-up. AEU start-up was inhibited overnight so that 
manual data recording could be performed on both units. In normal space 
mission operation, the AEU would be allowed to begin processing automatically 
whenever the pretreated urine tank received a pretreated batch. 

Performance data listed in Table 7-1 were recorded at approximately two- 
hour intervals during the operation of the units. EPU cell current data, 
electrolysate TOC concentration, and electrolysate gas oxygen content 
were recorded at more frequent intervals. 

Microbial and chemical analyses of the system performance were performed 
on samples taken of the system fluids on the schedule shown in Table 7-2. 

Table 7-2 also lists the types of analyses performed on each sample taken. 

The method used to perform each analysis is shown in Table 7-3. 

Analysis of the electrolysate gas, other than the on-line polarographic oxygen 
sensor readings, was not performed during the performEince verification test. 
Extensive data are presented in Reference 2 which characterize the electrol- 
ysate gas produced in an identical cell under similar operating conditions. No 
basis exists for indicating that the EPU electrolysate gas composition should 
differ significantly from that previously reported. 

Sound-level measurements were scheduled to record individual EPU and AEU 
normal operating noise levels, as well as to record the combined noise level 
for simultaneous operation of both units. Scheduled test conditions for the 
five-day operational verification test are shown in Table 7-4. 


Table 7-1 


PERFORMANCE DATA TAKEN DURING THE FIVE-DAY 
ELECTROVAP OPERATIONAL VERIFICATION TEST 


Item 

Readout 

Electrolytic Pretreatment Unit 


Processing time 

Elapsed time recorder 

Tank temperatures (3 tanks) 

Pyrometer 

Oxygen sensor sample temperature 

Pyrometer 

Oxygen content of electrolysate gas 

Polarographic oxygen 
analyzer 

Tank fluid level (3 tanks) 

Level indicator 

Time remaining on timer 

Timer indicator 

Cell current 

Ammeter ^ 

Alternating current energy input 

Watt-hr meter 

Unit 5*tatus 

Relay indicator lights 

. Air Evaporation Unit 


Operating mode 

Status display lights 

Processing time 

Elapsed time recorder 

Potable water produced 

Collection cycle counter 

Wick inlet temperature 

Pyrometer 

Wick outlet temperature 

Pyrometer 

Condenser gas inlet temperature 

Pyrometer 

Condenser gas outlet temperature 

Pyrometer 

Heater inlet temperature 

Pyrometer 

Potable water storage tank temperture 

Pyrometer 

Condenser coolant supply temperature 

Pyrometer 

Condenser coolant return temperature i 

Pyrometer 

Blower motor case temperature 

Pyrometer 

Wick outlet relative humidity 

Humidity sensor^ 

Condenser outlet relative humidity 

Humidity s enso r ^ 

Appropriate stoiage tank level 

Indicator lights 

Pretreated urine quantity fed to wick 

Pump cycle counter 

Flow tube inlet pressure | 

Pressure gage ' 

Flow tube differential pressure 

Pressure gage 

Blower inlet pressure 

Pressure gage 

Blower outlet pressure 

Pressure gage 

Wick inlet pressure 

Pressure gage 

Wick outlet pressure 

Pressure gage 

Charcoal outlet pressure 

Pressure gage 

Blower power 

Watt meters ^ 

6 O-H 2 energy supplied to unit 

Watt-hr meters 

Coolant flow raie to condenser 

Turbine flow meter 


^J'Denotes instrumentation external to the EPU and AEU. 
All other instrumentation listed is mounted on the units. 


Table 7-2 

MICROBIAL AND CHEMICAL ANALYSIS SCHEDULE* 


Sample 
Description, 
Location, and 
Time to be Taken 

Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

Day 5 

Electrolytic Pre- 
treatment Unit 







Feed- 

urine storage tank 
0800 hr 

1,2 

1,2 

1,2 

i, 2 

1,2 

Not available - 
EPU test 
complete 

Processing batch - 
electrolysate tank 
1600 hr 

1, 3 

1, 3 

1, 3 

1, 3 

1 

1. 3 

Not available - 
EPU test 
complete 

Pretreated urine - 
pretreated urine 
storage tank 
0800 hr 

Not available - 
EPU batch not 
yet complete 

1,2 

1,2 

1, 2 

1,2 

1,2 

(to be taken 
at 1700 hr) 

Air Evaporation 
Unit 







Product water - 
product water 
storage tank * ** 
1400 hr 

Not available - 
EPU batch not 
yet complete 

1, 2, 4, 5 

1 , 2, 4, 5 

1 , 2 , 4 , 5 

1 , 2 , 4,5 

1, 2,4, 5 
(to be taken 
at 2000 hr) 


*Numbers in Table denote analyses to be performed as follows: 

1 . Microbial analysis - standard 48- hr plate count. 

2. Chemical analysis - TOC,- TDS, pH, NH 3 , and conductivity. 

3. Chemical analysis - same as 2, plus urea. 

4. Chemical analysis - turbidity, color, odor, foaming. 

5. Inorganic analysis - Al, Cr, Ni, Fe, Cl”, Na, K. 

**Microbial samples taken from condenser sump. 





Table 7-3 

MICROBIAL AND CHEMICAL METHODS OF ANALYSIS 


Item 


Method of Analysis 


Microbial analysis 


Millipore field monitor bioassay or 
standard 48 -hr plate counts from 
serial dilutions of samples taken 
from septums (see text) 


Total organic carbon (ppm) 


Beckman Model 915 total organic 
analyzer 


Specific conductivity (p mho /cm) 


YSl Model 31 conductivity bridge 
with Beckman conductivity cell 
CBL-Gl K-i. 00 


pH 

Ammonia (ppm) 
Turbidity (ppm SiO^) 
Color (Pt-Co units) 

F oaming 


Odor 

Total dissolved solids (ppm) 


Urea (ppm) 


Al 

Cr 

Ni 

Fe 

Na 

K 

cr 


Beckman expanded scale pH meter 

Coleman Model 6A junior 
spectrophotometer 


Delta Scientific Model 260 water 
analyzer 

Visual comparison ol sample and 
color standards made with potassium 
chloroplatinate and cobaltous chloride 

A IGO-mliter sample shaken for 30 sec 
by hand in a 250-mliter stopped glas'’ 
cylinder and noting heights of the 
foam remaining after 15 sec 

Subjective evaluation 

Evaporate 100 mliter of sample in a 
dry and tared dish, dry to constant 
weight at 180°C, cool in a desicca- 
tor, and weigh 

Coleman Model A junior 
spectrophotometer 


I Perkin- Elmer Model 290 atomic 
I adsorption spectrophotometer 



Table 7-4 


SCHEDULED PERFORMANCE VERIFICATION 
TEST OPERATING CONDITIONS 


Electrolytic Pretreatment Unit 


Input electrolytic cell voltage 

28 vdc 

Timer setting 

3 hr 

Low O 2 setpoint 

5 percent Oj 

High O 2 se^oint 

Z 5 pe rcent O 2 

Urine storage tank temperature 

li8“F 

Pretreated urine storage tank temperature 

ambient 

Batch size 

28 lb (80 percent 
urine, 20 percent 
distilled water) 

Air Evaporation Unit 


Wick inlet temperature 

200“F 

Wick inlet dewpoint 

80 “"F maximum 

Air flow rate 

58 cfm 

Feed pump cycle timer 

1 

5 sec on, 
80 sec off 

F eed pump instantaneous flow rate 

453 mliter/min 

Feed pump average flow rate 

3. 73 Ib/br 


A particulate filter with a 30-jx pore size was placed in the fluid line 
connecting the EPU with the AEU. This filter was to be examined at the 
conclusion of the test to determine if material from the EPU pretreated 
urine storage tank was likely to cause plugging of the small 0. 013-in. - 
diameter holes in the AEU wick distribution manifold. 


The ullage volume of the EPU urine and flush water in the storage tank was 
heated to 118°F in an attempt to control gross microbiological growth. 
Externally powered heaters were not used on the electrolysate or pretreated 
urine storage tanks. Microbiological samples of the EPU fluids were taken 
from septum s installed in the tank walls, and chemical samples taken from 
the sample valves provided. 

The AEU microbiological samples were taken from a septum installed in the 
condenser sump. AEU product wat r samples were taken from the product 
water storage tank sample valve. The product water storage tank heater 
was not turned on during the test to allow the true chemical composition 
of the product water to be analyzed. . 


7. 3 TEST RESULTS 

The five-day operational verification test was conducted August 13-17, 1973. 
Electrovap performance data taken during the test are summarized in 
Table 7-5* Both the EPU and AEU performed at or above design levels 
throughout the test, and only minor problems were encountered with the 
performance of either unit, 

A total of 135* 6 lb was processed by the EPU and 93, 9 lb of product water 
were produced by the AEU, The 41. 7-lb differential in the amount fed to the 
EPU and the product water produced included: 

A, 11.8 Ih which filled the EPU pretreated urine storage tank ullage 
volume, filters, and plumbing lines during the processing of the 
initial batch, 

B, 18. 8 lb taken for microbial and chemical analysis {3* 75 Ib/day), 

C, 6,2 lb of H 2 , other gases {except water vapor), 

vented from the system. 

D, 2, 3 lb of solids retained in the EPU filters and in the AEU wick. 

E, 2, 6 lb due to water vapor lost through the system vent and other 
losses. 

Although the wick was not dried down before or after the test, some of the 
2.6 lb listed in Item E could be accounted for by the wick being more f’dly 
saturated at the end of the test than at the beginning* 

The polarographic oxygen sensor on the EPU was monitored closely through 
four days of testing to assess the ability of the sensor to provide a reliable 
indication of the TOC level of the electrolysate. The data collected are 
shown in Figure 7-2. The low readings observed on the first test day are a 
result of the larger-than-normal oatch being processed due to the initially 
empty ullage volume in the electrolysate tank. Near the end of processing 
the first batch, the oxygen sensor did not return to its previous level after a 
calibration check and was thought to require recharging. The sensor had been 
charged approximately 60 days before the test* After recharging, the sensor 
appeared to exhibit normal behavior. 


Table 7-5 

ELECTROVAP PERFORMANCE DATA SUMMARY 


Electrolytic Pretreatment Unit 


Total weight of urine and flush water processed (lb) 

135. 6 

Total processing time (hr) 

46. 95 

Average TOC of EPU feed (ppm) 

5. IP, 7 

Average TOC of EPU product (ppm) 

778 

Average processing rate (Ib/hr) 

Z. 89 

Energy consumption 

Electrolysis cell energy (w-hr) 

33. 080 

Other electrical energy (w-hr) 

14, 000=!= 

47, 080^' 

Specific energy requirement (w-hr/lb of urine 


and flush water processed^*) 

348 

Air Evaporation Unit 


Total weight of product water 

93. 89 

Total processing time (hr) 

23. 46 

Average TOC content of pretreated urine feed (ppm) 

778 

Average TOC content of product water (ppm) 

10. 42 

Average conductivity of pretreated urine feed (p mho/cm) 

14, 280 

Average conductivity of product water (p mho/ cm) 

12. 9 

Average TDS of pretreated urine feed (ppm) 

12, 531 

Average TDS of product water (ppm) 

<1 

Average processing rate (Ib/hr) 

3.99 

Energy balance 
Energy input 

DC energy (w-hr) 

3, 284 

60-Hz ac energy (w-hr) 

59, 000 

400- Hz ac energy (w-hr) 

4, 809 

Total 

67, 093 

Energy rejection 


Condenser coolant 

48, 500 

Cabin atmosphere 

18, 593 

Total 

67, 093 

Specific input energy requirement (w-hr/lb of product 


water) 

715 


•iTncludes energy required to heat the urine storage tank to an average 
temperature of 10 5 °F during the five days of testing. 


On Day 3, the sensor indicated a higher-than- normal reading about one hour 
after batch processing was begun. On checking the lines to the sensor, water 
condensation was found to be blocking passage of the sample gas. The lines 
were drained and normal operation resumed. The liquid was again noticed 
in the sample lines on Day 4 and loops of plastic tubing were added at the 
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Figure 1 - 2 , Oxygen Content of Eiectroiysate Gas as a Function of Processing Time . 

inlet and outlet sample line connection to the main vent line to prevent 
condensate blockage. The tubing loops appeared to substantially reduce the 
likelihood of sample line blockage. 

Posttest analysis indicated that future condensation problems can be 
eliminated {in a 1-g environment) by reorienting the sample loop heat 
e;jcchanger (which allows the sample to cool to ambient temperature before 
passage to the sensor) to allow liquid condensed to drain back into the 
electrolysate tank. 

At the start of processing each batch of urine during five-day test, the low 
oxygen point was set at 5 percent and the high point at 25 percent. As the 
oxygen content in the electrolysate gas began to rise, TOC samples were 
run to determine the repeatability of the oxygen sensor to terminate batch 
processing* The results are shown in Table 7-6, Although there is some 
variation in the data obtained, oxygen readings above approximately 15 per- 
cent seemed to be a workable indicator that the TOC content of the batch was 
less than 1, 000 ppm. On verification of the acceptability of the TOC content, 
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Table 7-6 


TOC REDUCTION RELATED TO PROCESSING 
TIME AND OXYGEN SENSOR READING 


Initial 

TOC 

Concentration 

(ppm) 

Final 

TOC 

Concentration 

(ppm) 

Total 

Processing 

Time 

(hr) 

Final 

Oxygen Sensor 
Reading 
(percent) 

Initial 

Batch 

Size 

(lb) 

6, 272 

1,225 

10.41 

13. 1 

31. 2 

5, 330 

935 

10.51 

19. 2 

28. 0 

4, 795 

689 

8.77 

17. 5 

28. 0 

4, 660 

480 

8. 20 

17. 7 

28. 0 

4, 880 

562 

10. 06 

Not Taken 

28. 0 


the high set point was moved to the oxygen percentage indicated in Table 7-6, 
and batch processing was thereby terminated automatically. 

During the processing of the fifth batch in the EPU, the low level float switch 
light came on. This would normally indicate an empty electro lysate tank 
and terminate processing. A fuse in the float switch circuit was removed to 
allow the complete batch to be processed, and the float switch was removed 
and examined. The examination revealed that the electrolysate leaked into 
the switch due to an inadequately tightened fluid pipe fitting. The leak alone 
should not have caused failure of the potted switch, but the insulation on both 
wires was found to be defective, causing an electrical short. The failed 
switch was replaced with a spare unit that was properly torqued into the fluid 
fitting. 

AEU performance during the five-day test was compared with predicted 
performance and good correlation was obtained. This comparison is shown 
in Figure 7-3. The predicted performance was calculated from the performance 



Figure 7-3, Comparison of Test Performance of the Air Evaporation Unit Wick with Predicted Performance 


of similar wicks over their useful lives* As wick performance degrades as 
the amount of solids loading in the wick increases, the deviation of the test 
performance data point is in the expected direction with respect to the pre- 
dicted performance point* 


No evidence of wick flooding was experienced during normal operation in the 
five-day test. Coolant flow to the condenser was turned off briefly on Day 4 
to precipitate wick flooding, and correct operation of the incipient flooding 
sensor was verified* 


The AEU condensate drain cyclct^; did not correlate well with the volumes 
measured on draining the product v. ater storeige tank* As this is a gravity 
drain system with only about 5 hi, <>£ water head, it was determined that the 
1/4-in. -OD drain line was e nptying the condenser sump slowly enough 
(about 30 sec) to allow Lhe condensate entering the sump during draining to 
be a significant fraction of the total volume drained. This problem will be 
eliminated by increasing the drain line size from i/4-in. OD to 3/8-in, OD. 








Temperature, pressure, and relative humidity data recorded during the 
test are shown in Table 7-7. High, low, and average values are indicated 
for each reading. On initiation of processing the first batch of urine and 
flush water, the electrolysate temperature rose to the high value recorded, 
190°F. The insulation blanket on this tank was subsequently removed, pre- 
venting the batch maximum temperatures from exceeding 

Two methods of microbial analysis were used to evaluate the Electrovap 
system performance; (1) Millipore field monitor bioassay and (2) standard 
48-hr plate count bioassay using Trypticase soy agar. The Millipore field 
monitor analysis was originally slated for use on all samples. However, 
problems in passing the samples through the field monitor filter material 
during the first two days led to the discontinuance of this method. It was 
believed that the field monitors were being clogged by the solids content in 
the urine, electrolysate, and pretreated urine samples. The field monitor 
sample technique could have been employed throughout the test on the AEU 
product water samples, but to standardize the sample collection procedure, 
sampling at this point was also done using the 48-hr plate count technique on 
Days 3, 4, and 5. Microbial analysis results are presented in Table 7-8. 

Although microbial contamination was found in the product water while 
processing batches 1 and 2, no contamination was observed in batches 3 and 
4. No initial system sterilization was performed, iior was any attempt made 
to sterilize the system between batches. Batch 5 was not sampled for 
microbial contamination. 

Physical and chemical analyses of the EPU urine and flush water feed 
solution are shown in Table 7-9. Analysis of the electrolysate during 
processing is shown in Table 7-10, the analysis of the pretreated urine fed 
to the AEU in Table 7-11, and the AEU product water analysis in Table 7-12. 

As shown in Table 7-12, the quality of the product water improved during the 
test. The first batch processed exceeded the NAS-NRG standards for space- 
craft potable water in only three areas— pH, NH^, and foaming. The final 
batch processed met all except the pH standard. A small ion exchange resin 
bed could easily be added to the AEU output to allow this standard to be met. 


Table 7-7 


TEMPERATURE, PRESSURE. AIR FLOW, AND 
RELATIVE HUMIDITY DATA 



Number 
of Data 
Points 

High 

Low 

Aver- 

age 

Electrolytic Pretreatment Unit 





Urine storage tank temperature ( ®F) 

32 

128 

73 

105 

Electrolysate tank temperature {°F) 

32 

190 

74 

154 

Pretreated urine storage tank 
temperature (®F) 

32 

127 

73 

95 

Electrolysate gas sample temperature {°F) 

31 

85 

74 

80 

Air Evaporation Unit 



! 


Wick inlet temperature (°F) 

15 

203 

197 

199 

Wick outlet temperature (°F) 

15 

128 

100 

107 

Condenser gas inlet temperature {®F) 

15 

106 

98 

101 

Condenser gas outlet temperature (“F) 

1.5 

69 

48 

56 

Heater inlet temperature (®F) 

15 

85 

65 

72 

Product water storage tank temperature (®F) 

15 

82 

64 

71 

Condenser coolant supply temperature (®F) 

15 

5V 

37 

44 

Condenser coolant return temperature (®F) 

15 

78 

61 

66 

Blower motor case temperature {“F) 

15 

188 

104 

108 

Flow tube inlet pressure (in, H 2 O) 

12 

- 6. 4 

-5, 8 

-6. 2 

Flow tube differential pressure (in, H 2 O) 

12 

2.5 

2. 3 

2,4 

Blower inlet pressure (in, H 2 O) 

11 

-7. 6 : 

-7. 0 

-7.3 

Blower outlet pressure (in. H 2 O) 

13 

8.7 

8. 2 

8.3 

Wick inlet pressure (in. H 2 O) 

13 

0. 6 

0. 4 

0. 5 • 

Wick outlet pressure (in. H 2 O) 

13 

-4. 0 

-3. 3 

-3. 8 

Charcoal outlet pressure (in. H 2 O) 

13 

- 5. 5 

-4. 6 

-5.0 

Air flow rate (ft^/min) 

12 

60 

55 

58 

Wick outlet relative humidity (percent) 


68 

46 

57 

Condenser outlet relative (percent) 


98 

93 

96 





Table 7-8 

MICROBIAL ANALYSIS DATA 


Number of Viable Organisms 1. 0 mliter 


Sample 

Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

EPU urine storage tank 

TNTC^^ 

TNT 0=1= 

o 

i 

2, 9 X 10^’’'^" 

Q *. 1 , 

1 4. 6 X 10 

EPU electrolysate tank 
(during batch processing) 

Equivocal'!' 

Equivocal 

r\ 

\j •'I' 'I' 

/\ 

U 'I' 

0 'I- 

EPU pretreated urine 
storage tank 

Sample not taken 

Equivocal* 

Equivocal* 


0 

AEU product water 
condenser sump ! 

Product water , 

not yet produced 

TNTC* 

L- 

2. 0 X 10 




Sample results denoted as equivocal had a slimy residue present on the filter material. Determination 
of colony growth on these samples was uncertain. 


'-Denotes results based on Millipore field monitor bioassay. 

'-'1‘Denotes results based oxi plate count bioassay using Trypticase soy agar. 
TNTC denotes organisms too numerous to count. 




Table 7-9 

EPU URINE STORAGE TANK FLUID CHEMICAL 
AND PHYSICAL ANALYSIS 

Day 


Item 

1 

2 

3 

4 

5 

Total dissolved 
solids (ppm) 

18, 622 

18, 618 

16, 622 

15, 602 

15, 060 

Total organic 
carbon (ppm) 

6, 272 

5, 330 

4,795 

4, 660 

4, 880 

pH 

6. 25 

6. 15 

6. 20 

6. 10 

7. 15 

NH^ (ppm) 

93. 6 

89. 7 

25. 5 

107. 0 

75.0 

Conductivity 
(p mho/ cm) 

15, 300 

16, 400 

15, 300 

14, 200 

18, 500 

Urea (ppm) 

-- 

16, 540 

6, 850 

7, 730 

13, 140 


Table 7-10 

EPU ELECTRO LYSATE TANK FLUID CHEMICAL 
AND PHYSICAL ANALYSIS 


Day 


Item 

' 1 

2 

i 

[ 

3 

4 

5 

Processing time prior 
to taking sample {hr) 

2. 8 

5. 5 

5. 5 

5. 1 

6. 2 

Total dissolved solids 
(ppm) 

IT, 169 

14, 080 

12, 856 

12, 076 

12, 016 

Total organic carbon 
(ppm) 

5, 212 

2, 462 

1, 400 

1, 512 

1,827 

pH 

6. 35 

5.90 

4. 40 

4. 60 

5. 30 

Conductivity (\i mho/cm) 

16, 700 ' 

19, 300 

16, 200 

15,800 

i 

i 

18, 100 


1 



Table 7-11 

EPU PRETREATED URINE TANK FLUID CHEMICAL 
AND PHYSICAL ANALYSIS 

Day 


Item 

1 

2 

3 

4 

5 

Total dissolved solids 
(ppm) 

12, 300 

12, 968 

12, 974 

11,986 

12, 425 

Total organic carbon 
(ppm) 

1, 225 

935 

689 

480 

562 

pH 

2. 75 

3. 60 

4. 70 

3. 70 

3. 80 

NHg (ppm) 

6. 1 

6. 1 

6. 1 

12. 2 

6. 1 

Conductivity 
(p. mho/ cm) 

14, 800 

15, 200 

14, 400 

14, 200 

12,800 

Urea (ppm) 

270 

90. 0 

23. 5 

68. 5 

32. 1 

Tables 7-9 and 7-10 s'. 

1 1 1 ■ • 

how that the average TDS content of the EPU feed was 


16, 905 ppm. and the electrolytic process reduced this to an average of 
12, 531 ppm. Thus, a 26-percent reduction was obtained in the amount of 
solids to be handled by the wick. 

Analysis of the 30 |Jl filter installed in the pretreated urine line revealed that 
approximately 5 mliter of brownish residue had been collected in the filter 
housing and on the filter surface. The material had a creamy texture and 
appeared likely to clog the wick distribution manifold should the filter not be 
in place. 

Results of the sound level measurements taken during normal Electrovap 
operation are presented in Figure 7-4. The combined noise level of the 
EPU and AEU as measured 2 feet in front of each unit (the xmits were at 
right angles to each other, as shown in Figure 7-1) in the reverberant Space 
Vehicle Simulator was less than the acoustic spectra criteria of NCA-60. 

The overall dBA reading with both units operating was 63. The overall 
reading with the AEU alone operating was also measured as 63 dBA and with 
the EPU alone operating, the overall level was 54 dBA. With both units 
operating, the noise level goal set for the EPU alone was very nearly met, 
with only the AEU blow high-frequency noise being significantly above the 
design goal. 
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Table 7-12 

AEU PRODUCT WATER CHEMICAL AMD PHYSICAL ANALYSIS 


Batch 


Total dissolved solids (ppm.) 
Total organic carbon (ppm) 
pH 

NHj (ppm) 

Conductivity (jxmho/ cm) 
Turbidity (Jackson units) 
Color (Pt-Co units) 

Odor (none) 

Foaming (amount persistent) 

A1 (ppm) 

Ni (ppm) 

Cr (ppm) 

Fe (ppm) 

Na (ppm) 

K (ppm) 
cr (ppm) 


NAS-NRC 

Standard* 


1,000 


7. 0-8.0 

l,pH > 7 
10, pH < 7 


unobjec- 

tionable 

none after 
5 sec 


1. 56 


trace 


10. 0 


3.48 


trace 


< 0 . 02 
<0. 04 
<0. 03 
<0. 05 
< 0 . 02 
<0. 05 
0 . 02 


13. 6 
6. 30 
0. 57 


16. 3 


trace 


*For six-monthmission duration 
NS = no standard established 


= no analysis made 


SOUND PRESSURE LEVEL 
{DECIBELS RE 0.0002 MICROBARt 


CR 130 



Figure 7*4. Acoustic Spectra 







Section 8 

PERFORMANCE EVALUATION PLANS 

The operational verification test described in the previous section allowed 
only a limited amount of Electrovap performance data to be collected due to 
its brief duration. So that the Electrovap performance may be more fully 
characterized, a comprehensive parametric test program plan was prepared. 
This plan is structured to combine the EPU with the AEU, and the test pro- 
gram will investigate the beneficial aspects of electrolytic pretreatment of 
urine for subsequent processing by distillation. The test will generate data 
applicable to all distillation processes using electrolytically pretreated urine. 
The test program outline is given in Appendix B; it includes a description of 
the technical approach and a statement of work for such a program. 

A document was also prepared to review the applicability of a combined 
electrolytic pretreatment/reverse osmosis system. This document is 
presented in Appendix C, It outlines a plan for a comprehensive evaluation 
of the advantages of such a system. 
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Section 9 

CONCLUSIONS AND RECOMMENDATIONS 

The results of the five-day test of the Electrovap system verified the 
feasibility of this concept for the recovery of potable water from human urine, 
while meeting the National Academy of Sciences - National Research Council 
standards. The integrated Electrovap system, which consisted of the 
EPU and AEU, successfully completed the verification test with only minor 
malfunctions. Liquid condensation in the EPU vent caused blockage in the 
oxygen sensor line, and a float switch in the EPU electrolysate tank failed 
on the final day of the test. The vent line was modified filightly and the float 
switch bypassed to complete the test. The AEU condensate drain line 
proved to be undersized, and the low condensate flow rate from the metering 
sump contributed to some inaccuracy in the recording obtained from the 
automatic condensate totalizer. However, an accurate total was obtained 
manually by draining and measuring the quantity of water collected in the 
storage tank. Minor system modifications which will eliminate these pro- 
blems are presented in Section 7. 3 of this report. 

Additional modifications will be incorporated in the two units to improve 
system operation as a result of the pretest checkouts and the five-day test. 
During pretest checkout of the EPU, it was determined that the timer reset 
switch required additional contacts. The proposed modification was checked 
and verified by a breadboard test and a new switch ordered. The new 
switch was not received in time for the five-day test. However, this reset 
feature is provided for abnormal operation only and was not required for 
the test. Additionally, it was determined that the EPU operation could be 
improved by replacing the present three-hour timer with a 12-hour timer. 

The additional time interval would improve reliability since the three-hour 
interval is a minimum and a six- to eight-hour interval would be more 
desirable. A new 12-hour timer has been ordered and will be installed. 
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During the pretest checkout of the AEU, problems were experienced with 
the wick feed minimum process rate timer. The timer did not always reset 
after expirati.on of the preset 30-minute interval. After adjustments of the 
internal switches and clutch, the timer did not cause problems during the 
five-day test. However, an improved timer and control circuit are pre- 
sently being investigated and will be installed if this new design proves more 
reliable. 

Based on the results of this study and the five-day test, the following 
recommendations are made for future efforts: 

A, Extensive testing of the Electrovap system sho\ild be conducted. 

This will generate parametric data common to the use of electrolytic 
pretreatment for all distillation systems. A plan for the extended 
test is given in Appendix B. 

B, Design requirements should be prepared for the integration of 
electrolytic pretreatment with a reverse osmosis water reclamation 
unit. A p]an to define these requirements is given in Appendix C. 

C, A study should be conducted to evaluate the utilization of the waste 
heat generated in the EPU electrolysate tank to improve the per- 
formance of other components of the water recovery system. For 
example, this heat couJ.d be utilized in the AEU to reduce the power 
penalty required to heat the air entering the wick. 

D, A study should be conducted to evaluate methods to utilize the gases 
generated by the electrolytic pretreatment of urine. These gases are 
presently vented to the atmosphere and lost, hi a space vehicle, 
these gases could either be vented overboard or collected, separated, 
and reused. A plan for study to evaluate techniques for the collec- 
tion, separation, apd reuse of these gases is described in 
Reference 9. 
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CONTRACT STUDY SUBTASK 4. 2 

FAILURE MODES, EFFECTS, AND CRITICALITY 
ANALYSIS WORKSHEETS 
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

Air Kvaporation Unit (Page 1 of 4) 


Part No. 
and 

Description 

Function 

Failure 

Mode 

F ailure 
Cause 

Effect on 
System 

Effect on 
Crew 

(Criticality) 

Main’t, 
Req'd 
to Rep. 
(Estimated 
Time) 

Accep. Opr*n 
Limits 
(Method of 
Fault 
Detection 

Effect on 
Water 
Quality 

Urine feed 

Transfer 

Leakace - 

Chemical 

Unable to 

Unpleasant 

Replace 

No external 

None 

pump 

and meter 

external 

attack 

maintain 

odor in 

pump 


leakage 




p ret re ated 



design proc- 

cabin; COU’ 

(0. 5 hr) 

(visual and 



March 

urine to wick 



ess rate 

taminate 



smell) 




Moid-2I0-10 






atmos. (3) 









Cavitation 

Precipitate 



None (4) 



Maintain 





or clogging 

formation in 






design feed 






pump 






rate (feed 












totalizer) 





Motor 

Elcct/mech 



None (4) 



Maintain 





failure 

failure 






design feed 












rate (feed 








f 




totalizer) 

1 


Blower 

To move air 

Leakage - 

Seal damaged 

Degradation 

Unpleasant 

Replac 

e seals 

No external 

None 1 


and water 

external 

due to chem. 

in perform- 

odor in 

or blower 

leakage 




Dynamic Air 

vapor thru 


attack 

ance due to 

cabin; con- 

(1 hr) 


(smell) 




Mod/GlOOJ-3 

wick evap 



lower airflow 

taminate 













atmos. (3) 









Bearing 

Mechanical 



None (4) 

Replac 

e 

Maintain 





failure 

failure 




blower 

design air- 










{1 hr) 


flow (AP 





Motor 

Elect/ mech 



None (4) 



Ught) 






failure ^ 

failure 












Impeller 

Chemical 



None (4) 









failure 

attack 

1 

r 





r 

*1 

p 

Wick 

Separation of 

Leakage - 

Chemical 

Unable to 

Unpleasant 

Replace wick 

No externa’ 




water from 

external 

attack 

maintain 

odor in 

(0. 5 hr) 

leakage 




1T44549-1 

urine ! 



design proc- 

cabon: con- 



{visual and 







ess rate 

taminate 



smell) 










atmos. (3) 









Flooding 

Excessive 

Degradation 

None (4) 

Check feed 

No flooding 

May ni 

ot pass 




feed rate or 

of water 


control and 

(flooding 

chemi cal 




expended 

quality due 


wick. 


ind. and feed 

std. 




wick 

to contam. 


Replac 

e def. 

totalizer) 






entrainment 


component 











(0. 5 hr) 





Recommen- 

dations 

(Type 

Redundancy) 


CD 

oi 


(Spare pump) 



(Repair kit 
or spare 
blower) 


(Spare 

blower) 

(Spare 

blower) 

(Spare 

blower) 


(Spare 

wick) 


(Spare con- 
trol and wick)! 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Air Evaporation Unit {Page Z of 4) 


Part No, 
and 

Description 

Function 

Failure 

Mode 

Failure 

Cause 

Effect on 
System 

Effect on 
Crew 

(Criticality) 

MainH. 
H.eq*d 
to Rep. 
(Estimated 
Time) 

Accep. Opr^n 
Limits 
(Method of 
Fault 
Detection) 

Effect on 
Water 
Quality 

Recommen- 

dations 

(Type 

Redundancy) 

"Wick (Cont) 


Feed tube 
clogging 

Precipitate 
formation in 
in feed tube 

Unable to 
maintain 
design proc- 
ess rate 

None (4) 

Replace wick 
(0. 5 hr) 

Maintain 
design feed 
rate (feed 
totalizer) 

None 

(Spare wick) 

Carbon bed 
1T4455U1 

To remove 
atmos, con- 
taminants 

Leakage - 
external 

Seal 

damaged due 
to chemical 
attack 

Loss of 
water vapor 

Unpleasant 
odor in 
cabin; con- 
taminate 
atmos. (3) 

Replace 
seals (1 hr) 

No external 

leakage 

(smell) 

None 

(Repair kit) 



Clogging 

Particulate 
in airstream 

Degradation 
in perform- 
ance due to 
lower airflow 

None (4) 

Replac 

carbon 

e 

(1 hr) 

Maintain 
design air- 
flow (AP 
light) 

None 

• 

■ 

(Spare 

carbon) 



Channeling 

Air passages 
in carbon 
bed 

Degradation 
of water 
quality due to 
contaminants 

None (4) 


r 

Removal of 
contaminants 
(contaminant 
monitoring 
and bed AP ) 

Mav .."»t pass 
cht mical 

Stei. 

(Spare 

carbon) 

Air filter 

(Part of 
carbon bed) 

To remove 
solid par- 
ticulates 
from 

airstream 

Clogging 

Excessive 

particulate 

matter 

Degradation 
in perform- 
ance due to 
lower 
airflow 

None (4) 

Replace 
filter 
(0, 5 hr) 

Maintain 
design flow 
(AP light and 
filter AP) 

None 

(Spare 

filter) 

Condenser 

Janitrol : 
47D20 

To condense 
water vapor 
in airstream 

Leakage - . 
external 

Seal damage 
due to chem. 
attack or 
condenser 
corrosion 

Loss of 1 

water vapor 

Unpleasant 
odor in 
cabin; con- 
taminate 
atmos, (3) 

Repair seals 
or replace 
condenser 
(2 hr) 

No external 

leakage 

(smell) 

None 

(Repair kit 
or spare 
condenser) 


1 

1 

Leakage - 
internal 

Corrosion 

Degradation 
of water 
quality 

! 

None {4) 

Replace 
condenser 
(2 hr) 

Potability 
standards 
(contaminant 
monitoring 
for coolanol 
in water 

May not meet 
chemical std 

(Spare 

cond) 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Air Evaporation Unit (Page 3 of 4) 


Part No, 
and 

Description 

Function 

Failure 

Mode 

Failure 

Cause 

Effect on 
System 

Effect on 
Crew 

(CriUcality) 

Main*t. 
Req'd 
to Rep. 
(Estimated 
Time) 

Accep, Opr’n 
Limits 
(Method of 
Fault 
Detection) 

Effect on 
Water 
Quality 

Recommen- 

dations 

(Type 

Redundancy) 

. 

Condenser 


Coolanol 

Corrosion 

Loss of 

None (4) 

Repair leak 

No external 

None 

(Repair kit 

(Cpnt) 


leakage - 

or 

■ 

coolant 



or replace 

lealcage 



or spare 



external 

mechanical 




condenser 

(visual) 



cond) 





failure 




(2 hr) 










Clogging 

Excessive 

Degradation 

None (4) 

Replace 

Maintain 

None 

(Spare cond 




particulate 

in perform- 



condenser 

design flow 



and filter) 




matter 

ance due to 



and filter 

(AP light and 










lower airflow 



(2, 5 hr) 

cond. AP) 





Air heater 

To maintain 

Fails open 

Electrical 

Degradation 

None (4) 

Replace 

Maintain 

None 

(Spare 


design temp 


failure due 

in perform- 



heater 

design temp. 



heater) 

Watlow 

at wide inlet 


to corrosion 

ance due to 



(1 hr) 


(temperature 





G8A54. 





lower temp. 





indicator) 







Leakage - 

Seal 


Loss of 

Unpleasant 

Replace 

No external 

None 

(Repair kit) 



external 

damaged due 

atmos, and 

odor in 

seals 


leakage 








to chemical 

reduced 

cabin 

con- 

(Ihr) 


(smell) 








attack 

airflow 

taminate 















atmos. (3) 









Air heater 

Control air 

Fails on 

Elect/mech 

Possible loss 

None (4) 

Replace 

Maintain 

None 

(Spare 


controller 

heater temp^ 


failure 

of air heater 



thermostat 

design air 



thermostat) 









{0, 5 hr) 

temperature 





Liove 










(temp. 

ind, ) 





Mod 72-1 


















Fails off 



Degradation 
















in perform- 
















ance due to 














.'I 

t 

low temp 


r 

1 

r 

ij 

f 

> 

* 

1 

f 

Condensate 

Meter con- 

Fails high 

Mechanical 

Overflow of 

None (4) 

Replace 

Actuate con- 

None 

(Spare 


float switch 

densate flow 


fEiilure 

condenser 



switch 

dens ate valve 



switch) 


rate by 




sump 



(0, 5 hr) 

(condensate 





Gems 01702 

actuating 









water 







water 









totalizer) 






totalizer 

















Fails low 



Loss of water 

None (5) 



Close cond. 










measurement 





valve (cond. 















water 















r 

totalizer) 









r 








ij 

r 

3 

r 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Air Evaporation Unit (Page 4 of 4) 


Part Wo/ 
and 

Description 

Function 

Failure 

Mode 

. 

Failure 

Cause 

Effect on 
System 

Effect on 
Crew 

(Criticality) 

— 

Main't. 
Req*d 
to Hep* 
(Estimated 
Time) 

Accep, Opr*n 
Limits 
(Method of 
. Fault 
Detection) 

Effect on 
Water 
Quality 

Recommen- 

dations 

(Type 

Redundancy) 

Condensate 

Drains con- 

Fails closed 

Elect/mech 

Overflow of 

None (4) 

Replace 

Open on high 

None 

(Spare 

valve 

dens ate 


failure 

o^nd, sump 



valve 

float signal 



valve) 


sump 







(0. 5 hr) 

(cond, water 





Skinner 

• 









totalizer) 





V52HA2022 


















Fails open 



Lioss of 

None (5) 



Close 

on low 










water 





float signal 










measurement 





(cond, water 









r 





r 

totalizer) 



- 

r 

Tank 

Maintain 

Fails open 

Electrical 

Loss of 

None (4) 

Replace 

Maintain 

May not meet 

(Spare 

heater 

microbial 


failure 

microbial 



heatet 

design water 

microbial 

heater) 

Montgomery 

control in 




ci,ntrol 



(1 hr) 

temp. (temp. 

standard 



Bros 

5A433W001 

water 









indicator) 





Tank heater 

Control tank 

Fails on 

FU ''t^mech 

Possible loss 

None (4) 

Replace 

Maintain 

None 

(Spare 

thermostat 

heater temp* 


failure 

of water 



therm. 

design water 



thermostat) 






heater 



(0. 5 hr) 

temp. (temp. 





Fenwai 










ind*) 






2S-230B06- 
















304 


Fails off 



Loss of 







May not meet 








microbial 







microbial 







r 

^ 

control 


f 


r 

1 

r 

standard 



Tank float 

Override 

Fails high 

Ifechanical 

Overflow of 

None (4) 

Replace 

Turn off feed 

None 

(Spare 

switch 

.urine; feed 


failure 

tank 



switch 

pump (visual) 



switch) 


control 







(0.5 hr) 







Gem 


Fails low 



Cannot main- 





Turn on feed 





LS1975 





tain process 





pump (feed 










rate 





totalizer and 








• 


■ 

f 

1 


visual} 



f . 

1 


Feed pump 

Controls feed 

Fails on 

Elect/ inech 

Flooding of 

None (4) 

Replace 

Maintain 

May not pass 

(Spare 

control 

pump "on^^ 


failure 

wick 



control 

design feed 

chemical 

control) 


cycle and 







(0. 5 hr) 

rate (feed 

standard 



Master . 

actuates 









totalizer) 



• 


Electronic 

feed 















Controls 

totalizer 

Fails off 



Unable to 







None 



RCG-115A- 





maintain 











15/360 





design proc- 














1 

r 

ess rate 

1 

f 


r 


r - 




r 


c 




I 





100 


r 


FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Pr^otreatment Unit (Page 2 of 2^3) 


: Part No. 
aad Dose 


Failure Mode 


Failure Cauqc 


Effect on System 


Effect on Crew Malnt Reqd to Rep 
ICriticalityl (Alao Eftt Time! 


Accep Oprn Limits Effect on 
^Method of Fault Ddt) Vfater Quality 


RecemmendafionG 
(Type Rcdimdoncy) 


External leakage 

(U Front seal 
1 callage 


(2) Rear cup 
leakage 

(3) Rear cup 
O-ring leakage 


(l)Chemieal attack 


(ElLooeo cover 
plate o crews 


Chemical attach 


( 1} Ctiomical attach 

(2J Loose rear cup 
attachment b crews 


Unable to process 
full batch and 
possible damage 
to other compo- 
nents from 
urine leakage . 


Objectionable Replace seal 
odor ii'i (0.5 hr] 

cabin (31 

I Tighten screws 

■ (0-1 hr] 


Replace pii^^-n 
U hr) 


No c^itcrnal leakage 
(visual observation) 


Conduct material 
testa to verify seal 
matU. (spare seal) 

Use thread locking 
compound on scrowo. 
(spare screws] 

Replace pump with 
spare ~ rebuild failed 
pump for use as 
spare (spare pump) 


Internal lealtage 


(1) Gear .wear 

(2) Front seal 
wear 

(3) Leakage at 
relief ball 


Possible inability None 
to process full I 

batch 


Replace pump 

(1 hr) 


< 1] Surface imper- 
fections and 
erosion 


Ability of pump to 
transfer urine- 
{Lovv level in elec- 
trolysate tank and 
high level in urine 
tank arc displayed 
on indicator panel. ] 


Replace pump \vlth 
spare — rebuild 
failed pump for use 
afl spare 
(spare pump] 


(2) Cold now 
distortion 


(4) Relief ball 
jammed (open) 

(5} Relief spring 
breakage 

(6] Rcllev screw 
change setting 


X 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Ppctrcatment Uoit (Pape 3 of 24) 


Fart No, 
anil Desc 

Function 

Failure Mode 

Failure Cause 

Effect on System 

Effect on Crew 
(Criticality) 

Maint Reqd to Rep 
(Also Est Time) 

Accep Oprn Limits 
(Mctltod cd Fault Dot} 

Effect on 
Water Quality 

Rccommendationo 
(Type Redundancy) 

PI “Urine 
Pump 

(Continued) 


No motor rotation 

(1) Jammed drive 
magnet 

(2) Motor bearing 
aelaurc 

(3) Commutator 
continuity lost 

(4) Brush 
continuity lost 

(5) Brush sprinf' 
breakage 

{6} Brush spring 
relaxation 

(7) Field winding 
continuity 

(8) Lead wire 
break (open) 

(9) Lead wire 
short 

Foreign matl 
on magnet 

(DWoar 

(2) Foreign material 
Wear 

\7ear 

Fatigue 

High temperature 

(1) Oyer temperature 

(2) Foreign material 
(11 Fatigue 

(2) Fatigue 

Unable to prnceso 
additional batehes. 
System hangi up 
In transfer stage. 

t 

Also blown fuse 
indicated. 

None (4) 

. 

Replace pump 
(! hr) 

Ability of pump to 
transfer urine. 
(Low level in elec- 
trolysate tank and 
high, level In urine 
tank are displayed 
on indicator panel. 

T 

(Also blown fuse 
indicated. ) 

None 

Y 

Replace pump with 
spare and rebuild 
failed pump for ucc 
as spare 
(spare pump) 

T 

NOTES! 

(1) V/ear 'hokween the teflon. pcar» (%t\^ tlic polyprapylcnn neal may "bo tile Ufo limiting clement qf the pump* The clearance between the gcarc and acal, and behveen the gcare and body 
cotabliah the internal loahage and hence the efficiency of the pump. 

12) The teflon gears arc wear-llfe limited. The vendor stated that the pump life io estimated at 1500 hours continuous duty at ^ pold bypass valve scttini; “Increased ip will reduce 
life of pump. 

. (3) (Vtagnet material lo berylHum ferrite. 

f4) AU attaclimcnt ocrowd should bo secured to Inouro. against vibration induced torque relaxation. (Mteropump will assemble 'withLoctlte if specified*} 




FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Pretrcatinont Unit (Page 4 of 


Parti No4 






Effect on Crew 

Maint Rotid to Rep 

■ 

Accept Oprn Lirnits 

Effect on 

R ccon tmo nd ati o ns 

and Dobc 

Function 

Failure Mode 

Failure Cause 

1 Effect on System 

(Criticality) 

(Alno Est Time} 

(MoEiod of Fault Det) 

Water Quality 

(Type Redundancy) 

P3-"iV^atcr 

To transfer dec- 

Lack of qenr rota- 













Pump. 

trolysatc to water 
tank at end of 

tio'n (motor runni 













Mlcropump 

Qlcctrdlyflis 

Same ae for urine 

Same no for urine 

Unable to proccas 

None 

(4) 

Replace pump 

Ability of pump to 

None 

Replace pump with 

tZ-40- 

cycle* 

piimp (PH 

pump (Pli 

additional 



n hr) 

tranofer product. 



spare and rebuild 

316-757 


hatches 

— GVBtem 





(High level In cloe^ 



failed pump for use 





hanffs up in prod- 





trolyaate tank and 



an Gpare 





uet iranafer 





low level in product 



(spare pump) 





stage 4 






tank are displayed 
on indientor panel. ) 






External leakage 















fll Front Deal 

(U Chemical 

Unable to trans- 

Objectionable 

Replace seal 

No c.*£tcrnal Icalcage 

None 

Conduct material 



leakage 

attack 

fer full batch and 

odor in 

(0.5 hr) 

(visual obeervation) 



tester to verify ceal 





poasible damage 

cabin 

(3) 







material. 





to other cempo- 
nenta from urine 









(spare seal! 




(2| Loose cover 

leakage. 




Tighten ocrewD 





Ufio thread locTdng 




plate ncrewa 





(0. 1 hr) 





compound on screws 















(npare Gcrews) 



(Z) Rear ctip 

(11 Chemical 





Replace pump 





Replace pump with 



leakage 

attack 





It hr) 





spare — rebuild 















failed pump for use 



(3] Rear cup 

(U Chemical 











ac spare 



O- ring leakage 

attack 











(spare pump) 




(Z| Loose rear cup 















« attachment a crewG. 







1 

r 






Internal leakage 















Same aa for urine 

Same ao for urine 

PoGsiblc inability 

None 

(4) 

Replace pump 

AblMt\- of pump to 

None 

Replace pump with 



pomp (PI) 

pump (FI) 

to tranGfer full 



a hr) 

tran jfer product. 



Gparc— rebuild 




batch. Could hang 





(Hi?'h level In elec- 



failed pump for uec 





up in product 





♦ rolyeato tank and 



as spare 





tranofer stage. 





low level In product 



(spare pump} 











tank are dinpJayed on 
indicator panel, ) 






No motor rotation 















Same aa for urine 

Same afi for urine 

Unable to proccaa 



Replace pump 

Ability of pump to 

None 


Replace pump vnth 



pump {Pl> 

pump (Pi) 

additional batchca. 



(1 hr) 

transfer product. 



apare and rebuild 



Syatem hang© up 





(High level in elec- 



failed pump for uae 





in product trans- 





trolyaato tank and 



as spare 





fer fltage, . 





low level in product 



(spare pump) 






■: 


r 



tank arc dScplayed 
on indicator panel. ) 



1 

|SaiTic .rtotoa apply no for urlno pump. | 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


. Electrolytic Prqtrcatmcnt Unit (P^gc 5 of X4) 


Part No. . 






Effect on Crow 

Mafnt Roqd to Hep 



Accep Oprn Lln»U<j 

Effect on 

Recommendations 

and Dene 

Function 

Failure Mqdo 

Failure Cause 

Effect on System 

(Criticality) 

(Also Est Time) 

(Method of Fault Det) 

Water Quality 

(Type Redundancy) 

P2 

Circulation 

Pump 

Circulate 

ctectrplysatc 

through 

clocfcrolyots cell 

Lack or fjumu 
roUitien 

■ 













(1) DlijU ocisurc 

(11 Foreign maicpUl 

Loss of function 

None 

(4) 

Remove pump and 

Ability of pump to 

None ”02 ircft- 

Replace pump \vith 

Fluofo- 






replace v/lth spare 

displace gas in cell 

nor proventn 

spare and rebuild 

carbon Co^ 



(21 PrecipitatoB 





(4 hr) 

with liquid which 

transfer of 

failed pump for use 

SP4O0D 









results In steady 

unprocessed 

as spare 



(21 Drive rad 

(1) Gall 







current flow to cell. 

batch 


(spare pump) 



floi^uro 








(Unit may hang up 








(2) lyoar 







in process 

mode, ) 







PI Slipping 

Loose not nerew 









' 






drive dink 
















(4) Motor failure 

Vorioua — Doc 
lint for PI 















(Sec PI for varioun 
typoB of motor 
failuroa) 

motor. 















Lack of pump 
output 
















<1) Broken diak 

Wonr 












* 



(2) Ctoggod inlet 

Foroign material 















121 Clogged outlet 

Foreign materia! 















141 Laao of prime 

Gan Lr loops 



' 1 



r • . 

' 


' 



1" 



! Eiitcriial leakage 
















(1) Front to rear 

Loonc attachment 

Unable to procoss 

Objectionable 

Tighten Screws 

No ontornal 1 callage 

None 

(Tool kit) 



chamber loose 

screws 

full batch— poa- 

odor in 

(0. 

5 hr) 

(vioxjal inspection) 







(2) Seal bellows 
cracked 

Fatigue 

aiblo da] 
other CO 
from lea 

mage to 

mponcntn 

ikage. 

cabin 

(3i 

Remove pump and 
replace with 
spare (4 hr) 





(Spare pump) 


■ ; ! 

<31 Rod to dink 

Vibration 











(Sparc pump) 



connection 

loose 
















<41 Seal plate to 

Loodc attach 





TightciJ 

^dcrewG 





(Tool Idt) 



rear chamber 
leak 

screws 

- • 


■ 


(0. 

5 hr) 




r 





FAILURE MODES, EFFECTS, AND CRITICALITY ANAT.YSIS 


Electrolytic: Prctrcotment Unit (Pngc 6 o£ 24) 


Part, No 
and Dobc 


Failuvo Mo do 


Failure Cause 


Effact on Syobem 


ENcot on Crew Maint Reqd to Hep 
[CrLticalityl (Also Eot Time) 


Accop Oprn Limitn Effect on Hccommojidationa 

{Method of Fault Det) Water Duality ITypc HcdundancyJ 


SV2-Motor Admit batch to 
Act. ValvD olcetrolyfiis loop, 
direct flow in 
Conant electrolyaio 

2316- loop. 


EHtcmal leak 


ill Lower Seal 
Ionic 


(2) Upper seal 
IdaH 


(1) Chemical attach 


m Chemical attach 


Unable to process 
full batch— pD3“ 
nlble damage to 
other component a 
from IcalMige 


Objectionable 
odor in 
cabin (3) 


Drain olcctrolyein 
loop, replace seal 
13 hr) 


No eiit leahage 
(vintial innpc ion) 


None hSparc seal) 


Internal leak {in 
ci r culat c position) 


Seise in transfer 
position 


Rotor sei^o 


Seise in circulate 
position 


Seise in 
mid -travel 


Blockage in 
transfer pos^n 


Blockage in 
circulate pps*n 


(2) Spring failure or 
losa of tension 


(2l Forolgo material 


(2) Foreign material 


. 12) Foreign material 


Foreign matortal 


i f ll Foreign material 
(2) Procipitates 


None {5V4 closed) | None 


Unable to process None 
additional batches 


Unable to process 
additional hatcheb. 
Could hang up ifi 
urine transfer 
stage. 

Unable to praccos 
batch 


{41 Drain cicctrolynis 
loop, replace 
q1ci>VC, 

{3 hr) 


(4) Drain electrolysis 
loop, clean and 
polish valve. 

(4 hr) 


No internal leakage 
SV4 providoa 
redundancy, 
(Cheeks on product 
quality) 


Correct positioning 
of valve. 

(Limit switches in 
operator- prohibit 
transfer o£ circula- 
tion until valve lb in 
correct pocition. 
SV4 closed until 
PI runs) 


Drain elcclrolysis 
loop, dieasccmbla 
and remove 
blockage 
(3 hrj 


No blockage, 

(Low level in eleo- 
trolysate tank illu- 
mlnateo operational 
indicator light, ) 

No blockage— 

{unit hange up in 
proccRs mode) 


None~SV4 
prov Idcs 
redundancy 


None— Oi sen- 
sor prevents 
transfer of 
unprocessed 
batch. 


(Spare bIqcvcI 











OEIGINAL PAGE IS 
OF POOR QTJALrrxi 
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


»2Iecti?olytlc Prctrorttmcnt Unlt (t*ago B of 24} 


Part No. 
and Dt^cc 


WWtey- 

lCSfr-316 


Vrhitey- 

1GS6- 

X-316 


Function Failure Mode 

.Control flow for E:ii:tQ rnal leak 
draining or 
QaTHpUng urine 
tank 


Flow blooUgflc 


I&olotc urine 
tanl; 


Control flow lor 
draining or 
ijampllni; olnc- 
trolyoato tank. 


Extarnal leak 


Flow Mocitago 


Seize open 


External leak 


Ftow blDckaRo 


MVS- Control flow for E^xtornal leak 

Drain/ . draining or . 

Samplo oathpling 

Valva storage tank. 


IVbUoy- 

IGSS-316: 


Flavf blockapp 


Failure Cause 


Cbotnical attach 
of seal 


Foreign material 


Chemical attaclc 
of seal 


Foreign material 


Foreign material 


Chemical attack 
of seal 


Foreign *r,«ticrial 


Chemical attack 
of oeal 


Foreign material 


Effect on System 

Unable to process 
full hatchco -- 
possible damage 
to other compo- 
nents from 
leakage. 

Unable to sample 
input orlncw 


Unable to process 
full batches, 
POGPiblc damage 
to other compo- 
nents Cram 

' lottluigc, 

' Unablo to process 
additional batches 
could bang up in 
urlno transfer 
ctage. 


Unable to process 
full bat choc- 
Possible damage 
to other compo- 
nents from 
leakage. 

Unablo to sample 
clcctrolysatc. 


Unable to process 
full batches. 
Possible damage 
to other compo- 
nents from 
Icaluige. 

: Unable to sample 
j water storage 


Effect OA Crew Maint Reqd to Rep 
ICrlttcaU^l (Also Eat Ttmcl 

Objsctionable Replace valvo 
. odor in 5hr) 

cabin 13} 


None 141 Remove valve, 

clean, replace 
(2,5 hr) 

Objcctlonublc Replace valve 
odor in. (3 hr} 

cabin (3) 


(4) Remove valve, 
clean, replace 
(3 hr) 


i Replace valve 
(3 hr) 


Objectionable Replace valve 
odor in (3 hr) 

cabin (3) 


None (41 Romovo valve, 

clean, replace. 
(3 hr) 

Objectionable Replace valve 
odor in (3 hr) 

cabin (3] 


None f41 Remove valve, 
clean, replace. 
(3 hr) 


Aecop Oprn liimlto Sffecl on. 
(Method of Fault Det) Water Quality 

No OKt. tcalmgc None 

(visual inspection) i 


No flow bloclcagc 
(visual msnitoring 
of sample flow rate) 

No C5d. leakage 
(visual inspcctiani 


No flow blockage, 
(Tank levels dis- 
played on panel) 


No flow bloclcage 
(Attempt to turn 
valve} 

No ent, leakage 
(visual tnapectian} 


No flow bloclrago. 
(Visual monitoring 
of sample flow rate. ) 

No cst. teolusEc 
(visual Inspection} 


No flow blockago 
(visual monitoring 
o£ sample flow rate) 


Rccommcndationo 
(Type Redundancy) 

(Sparc valve) 


Filter urine through 
coarse mesh screen. 
(Tool Mt) 

, (Sparc valve) 


(Spare valve) 


I (Spare valvo) 



(Spare valvo) 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Pretroatu. ent Unit (Page 9 of 24) 


Part No. 





Effect on Crew 

Maint Reqd to Rep 

Accep Oprn Limits 

Effect on 

Rcccmmcndattono 

and Dc8C 

Fancticia 

Failure Mode 

Failure Cause 

Effect on Systcvn 

(Criticality) 

[Also Est Time) 

(Method of Fr,ult Dctl 

Water Quality 

(Type Redundancy) 

MV6- 

Isolate water 

Erstct-nal leak 

CheJTiical attacl;; 

Unable to pcocesa 

Objectionable 

Replace valve 

No e: 2 t Icalcagc 

None 

(Spare valve) 

Water 

storage taut; 


o£ aeal 

full botches — 

odor in 

(3 hr> 

(visible inopcctlon) 




Valve 



possible damage 
to other 

cabin 

(3) 







Whltcy 




componente 








43F4-216 




froni leakage. 










: Flow blockage 

Foreign material 

Wick cvap,jiat 

None 

(4) 

Remove valve 

No flow blockage 



(Tool kit) 



fed, TUftO dry^ 



cleaop replace 

(high level in 










(3 hr) 

product tank shuts 












off normal system 
operation and 












displays indicator) 






Seize open 

Foreign material 

None 



Replace valve 

No flow blockage 



(Sparc valve) 




•'i 

r 

(3 hr) 

fattempt to turn 
valve! 

1 




' 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Prctrontmcnt Unit {Page 10 of 24) 


Part No. 





Effect an Crew 

Maint Bcqd to Hep 

Accep Oprn Limits 

Effect on 1 

Recommendatiano 

and Desc 

Function 

Failure Mode 

Failure Cause 

Effect on System 

(CrittcaUty) 

lAlso Eat Time) 

{Method of Fault Det) 

Water Quality 

(Type Redundancy) 

SVS- 

Prevent ovcrlill 

Fall eloflod 

Foreign material 

Unahlc to process 

Must use 

Replace valve 

Open and close on 

None 

(Sparc valve) 

Solenoid 

of urine tank 

(clog camel 

additional batches 

back-up 

11 hr) 

command, {Flow of 





Valve 




urine 




urine from coUcctioo 









coUcctioji 



unit. Law level In 





Skinner 





system {4) 



urine tank illumi,- 





V51HA2150 









nates display.) 







Fail open 

Foreign material 

Possible overfill 

None 

(4) 



Open and close on 







(UnLlcak same) 

of urSne tank and 





command, {High 








spillage from 





level in urine tank 









tank vont. 





illumi notes fault 
display, ) 







Eicteinal Leak . 

Chemical attack 

Unable to procesd 

Objectionable 



No ext Icalmgc 







of Seal 

full batches. 

odor In 



(visual inspectioiil 









Possible damage 
to other 

cabin 

<4) 












compononto 
from lealcage. 





* 




: 

t 

SV4- 

Blocks flow in 

Fail cloned 

Foreign material 

Unable to process 

None 

<41 

Replace valve 

Open and close on 

No 

tie 

(Sparc valve) 

Solenoid 

event of SV2 

{clog name) 

additional batches^ 



<3 hr) 

command, {High 





Valve 

failure 


Could hang up in 





level in urine tanlt 





SkirtTier 



product transfer 





illuminate G display.) 





VS2HA2022 




stage. 












Fail open 
{inLleak came} 

Ferelgn material i 

None 





Open and close on 
comniand. 










r 



t No s e ” r cdundant 
valvo} 








External Leak 

Chemical attack 

Unable to process 

Objectionable 



No ext lealiage 







of aeal 

full batches, pos" 

odor in 



(vioual inspection) 







1 


siblc damage to 
other components 
from leakage. 

cabin 

<31 





r 

^ 

r 

SV3, 

Blocka flow in 

Fail clnaed 

Foreign material 

Unable to process i 

None 

H) 

Replace valve 

Open and close on 

None 

{Spare valve} 

Solenoid 

event of SVl 

{clog oamel 


additional batches i 



(3hrl 

command 





Valve 

failure 

Fall open 

Foreign material 

None 





Open and close on 





Sk inner 


{int.lcak camel 






command. 





V52HA202Z 




^ 1 




( Non e — re dund ant 
valve) 







External Leak 

Chemical attack 

Unable to process 

Object 

r 

Eonable 



No OKt leakage 







of seal 

full batches, poo-- 
sible damage to 

odor in 



(visual inspection) 






^..1 , — 



cabin 

(3) 

'I 



1 




other components 
from leakage. 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Protreatment Ilnit (Page 1 1 of 


Part No, 
and Dcoc 

Function 

Failure Mode 

— 
Failure Cauffe 

Effect on System 

Effect on Crew 
(CridcaUty) 

Maint Reqd to Rep 
(Also Eat Time) 

Accep Oprn Limits 
(Method of Fault Det) 

Effect on 
Water Quality 

Recammendationo 
(Type Redundancy) 

RVl 

Belief 

Valve 

Circle Seal 

DS2QTU 

2M-4 

To prevent urine 
fltaragn tanln 
o verprec ouriza - 
tion in the event 
of heatqr ccml^ol 
failure and vent 
blockage. 

■ 

EKternallealt 
(failure to clone 
sanle) 

Failure to opon is 
not concidcrod a 
credible failure 
mode and roetuiron 
a prior failure of 
tetj-o other 
cnnriponontn. 

Chemical attack 
of O-ring 

None 

Objectionable 
odor in cabin. 
Venting of 
ha;:ardouo 
gascD to 
cabin in 
elcctrolysate 
gas recircu- 
lation mode, 
(31 

Replace relief 
valve 

(0,5 hr) 

No ext. leakage 
(crew sense odor) 

None 

(Spare relief valve) 

RV2 

Belief 

Valve 

Circle Seal 

D520T1- 

aw-4 

To prevent 
clectrotynato 
tank over- 
preamitleatioti 
in the event of 
vent blochar^?' 

External look 
(failttr. to clone 
samel 

Failure to open is 
not connidcred a 
credible failure 
mode and require s 
a prior component 
failure. 

Chemical attack 
of O-ring 

None 

Objectionable 
. ^dor aod vent- 
ing of 
haaardouo 
ganca to 
cabin. (3| 

Replace relief 
valve 

lO.Shr) 

1 

No ext. leakage 
(crew sense odor) 

None 

(Sparc relief valve) 

avi 

Relief 

Valve 

Circle Seal 

DSZatl- 

2M-4 

• 1 

1 

To prevent pre- 
treated water 
otorage tank 
overptcoouriaa - 
tion In the event 
of heater control 
failure and vent 
blockagc- 

’ 

External leak 
(failure to close 
pamc) ] 

Failure to open in 
not conaidcred a 
credible failure 
hdodc and requireo 
a prior failure of 
two other 
componentB 

Chemical attack 
of O-ring j 

1 

None 

Objectionable 
odor in 
cabin. (3) 

Replace relief 
valve 

(0. 5 hr) 

No eriLlcakagc 
. (crew sense odor) 

None • 

i 

i 

! 

(Spare relief valve) 
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Frctrcattncnt Unit (Page 12 of 24) 


Part No, 
and Dcdc 

Function 

Failure Mode 

Failure Cauae 

Effect on System 

£;ffcct on Crew 
(Criticality) 

Maint Roqd to Rep 
(Also Ect Time) 

Accep Oprn l.tm(tn 
(Method of Fault Det) 

Effect on 
Water Quality 

. 

Recommendations 
(Typo Redundancy) 

Electrolytic 

Elcctrolycc -ttrine 

External Icolt 

Chemical attack 

Unable to process 

Objoetionable 

Retnove cell and 

No CKternal leakage 

None 

(Sparc gaskets and 

Cell 



of materials 

full batch, Pos- 

odor in cabin. 

repair 

(Visual incpeclion 



otlter coll 





sible damage to 

l^cnting of 

(16 hr) 

and creiv dotcction 



componentn) 

1X44422-1 




other components 

hazardous 


of odor In cabin) 





1X44422^501 




from lealtage. 

gacen to 












cabin. (3) 









Flow blockaRc 

Precipitates or 

Unable to 

Norte (4) 

Remove cell, 

No blockage 

None-- 


(Spare gaskets and 




foreign material 

circulate 


disassemble. 

(Unit hango in 

O2 censor 

^Ibor ccU 





clcctrolyoatc 


dean 

process mode) 

prevents 

',ompanenls) 







(16 hr) 


transfer of 











unpre cessed 











batch 






Electrical open 

Chemical attack 

Unable to proccan 

None (4) 

Remove cell. 

20- ZB volts pro- 









hatch. 


restore electric 

vidcs 15-40 amps 











cal continuity, 

current 











replace 

(Unit hango up. 











electrodes if 

in process mode) 











required. 










1 


(24 hr) 








Electrical ahort ^ 

Foreign material 

Unable to proceag 

None . (4) 

Remove cell, 

15-40 amps 









batch 


disassemble, 

current 











clean. 

(Tripped circuit 











reinctall. 

breaker, unit 











(16 hr) 

hango up in 












process mode) 



7 




I-AILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electro Unit (Page 13 of 24) 


Part No, 
and Dcoc 


Function 


Faillitc Mode 


Failure Cjiuiic 


Effect on Syatem 


Effect on Crew 
(Criticality) 


Maint Reqd to Rep 
(ATno Est TimeJ 


Filter 


Filtcrito 

U^04S* 

I/2B 

(SOn) 


To remove par- 
ticulate matter 
from product 




Element, fail 
tfnturnal lealti 


Inadequate dcrvicc 
frequency 


Unable to proccos' 
additional hatchco. 
CaUld hang-up in 
product tranefer 
stage. 


Nunc 


Fatigue 


Product bocojnea 
contaminated with 
particulate matter. 


None 


H) 


Remove, Clean, 
replace element 
(2 lir) 


(4) 


Remove filter t 
dean, replace 
dement, drain and 
fluah product tanlt 
(4 hr) 


Aecept Oprn Limitfl Effect on 
(Method of Fault Det) Water Quality 


Rccommendationo 
(Type Redundancy) 


Looo than 20 poi AP 
(Product tranofer 
cycle time greater 
thnn 10 min, J 


None 


(Spare element) 


Removal of moot 
partideo amallor 
than 3tfp, (Clogging 
of air ovap Eow) 


Exccuoive 

particulate 

content. 


(Spare element) 


External Icah 


(1) Chemical attach 
of Pcol 

(2) Vibration of clamp 
holt 


Unable to output 
full batchofj, 

PoBoibJe damage 
to other com- 
ponents from 
leakage. 


Objectionable 
odor in cabin, 
(3) 



(1) Replace Seal 


(2) Tighten clamp 


No ext, leakage 
(visual inopectiop) 


None 


(Spare Deal) 


(Tod hit) 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic Prctr.eatment Unit (Page l4of24) 







Effect on Crew 

Maint fteqd to Rep 

Accept Open Limits 

Effect on 

Recommendations 



Failuro Mode 

Failure Cauco 

Effect on System 

(Criticality) 

(Also Est Time) 

(Metbsd of Fault Det) 

Water Quality 

(Type Redundancy) 

Urine 

Hold urine 

External teak 

Cliemical attack 

Unable to peoeesa 

Objcctienablo 

Drain tank and 

L^o ext. leakage 

None 

Visually inspect 

0tori>ge 

heforo 


ithru hole in 

fail batch and poa- 

odor in cabin - 

apply slUcon 

(v.'sual inspection - 



teflon tank coat- 

tank 

procesijing 


teflon) 

aible damage to 

possible dls- 

rubber Over 

lo-*7 level in urine 



ing for defects 




other components 

charge of 

leak (36 hr) 

tafdt shuts off nor- 



. before use. 

1T44406-1 




from urine 

hasardous 



mal system 



(Spare silicon 





leakage 

gases to 



Operation, 

crew 



rubber) 







cabin. 

(3) 



detects odor in 













cabin) 








Inlet fitting pltaggcd 

Particulate con« 

Unable to process 

Posoiblc urine 

Didannemble Hjic 

No blockage - (vis- 



: Filter incoming 



taminatlon in 

additional 

overflow at 

and remove 

11 “I observation of 



urine thru coarse 




urine. 

batches 

collection 

blockage ( 

3. hr) 

urine back^^up at 



mesh 

. 






unit. 

(3) 


collection unit) 



(Tool kit) 



Outlet iittinF* 

Particulate con- 

Unable to procoGS 

None 

(4) 

Drain tank, dis- 

No blockage - (low 



Filter incoming 



plugged 

taminatlon in 

additional batchcb 



assemble line and 

level In eloctroly- 



urine thru coarse 



urine. 

could hang Up In 



remove blockage 

sate tank and high 



mesh,. 






xirine transfer 



(3 hr) 


level in urine tank 



(Tool kit) 





stage. 





indicated by dis- 
play lights) 

1 

r 



EIcctroly- 

Hold urine 

BIxtemal Ionic 

Clicmical attack 

Unable to process 

Objectionable 

Drain tank and apply 

No ext. loaltagc 

Naue 

Visually inspect 

sate tank 

during 


(thru hole in 

full batch and pos- 

odor and pos- 

silicon rubber ovuif 

(visual inspection . 



teflon tank coat- 


proccDoing 


teflon) 

sible damage to 

stblc discharge 

leak (36 hr) 

crew detects cdor 



ing for defects 

lT44'’io-l 



other components 

of haa;ardouo 



in cabin) 




before use. 





from eleetrolysate 

gases to cabin. 







(Spare silicon 





leakage. 


(3) 







rubber} 




Inlet fitting plugged 

Particulate con- | 

(1) Unable to 

None 

(4) 

Disassemble line 

No blockage - (low 

None - 

02 

(Tool kit) 



taminatlon or 

transfer next 



and remove 

level in plectroly- 

nensor docs 






precipitated ; 

batch of urine 



blockage 

(2 hr) 

sate tank bhd high 

not permit 






compounds. 

to clsctroly- 





level in urine tank 

Unprocessed . 






satc loop. 





indicated by display 

batch to be 







(2) Unable to cir- 





lights. 


transferred. 







culate. elec- 
trolysate for 
processing - 
no ciredUtien 















in electrolysis 
cell. 















(3) Circulation 















pump runs 
dead headed. 
{Pump is not 
damaged by 
dead headed 
operation. ) 




r 


r 

1 



f 
















failure: modes, effects, and criticality analysis 


Electrolytic Pretreatment Unit (Pape 16 of 24) 


Part Ko. 





Effect on Crew 

Maint Heqd to Rep 

Accept Oprn Limits 

Effect cm 

Recommendations 

and Dene 

FancUen 

Faitiirc Mode 

Failure Cause 

Effect on System 

(Criticality] 

(Also Est Time) 

(Method of Fault Det) 

IFatcr Quality 

(Type Redundancy) 

Elect roly* 


Outlet litfinp 

Particulate con- 

(1) Unable to 

None 


Drain tank dia- 

No blockage (low level 

None - 

02 

(Tool Ht) 

nato tank 


plupRctl 

tamiuatlon or 

transfer batch 



assemble line and 

in water Storage tank 

sensor does 



(Cotit) 


precipitated 

of electroly- 



remove blockage. 

and high level In 

not permit 





compounds. 

sate to v/ator 



(3hrs) 

clcctrolybatc tank 

unprocessed 






storage tank 





indicated by display 

batch to he 











lights. ) 


transferred. 







(2) Unable to clr* 















culate clcc- 
trolysafcc for 
proccOfling - 
no circulation 
in electroly ^ 
sis colt. 








' 







(6) CircutatiDn 



Drain tank^ dls- 

No blockage 

None * 

02 







pump runs 



assemble line and 



sensor dooa 







starved. 



remove blockage 



not permit 







[Does not 



(3 hra) 



unprocessed 







damage pump) 







butch to be 
transferred. 



Pretreated 

Bold pretreated 

Inlet ij'Ainn pluRRcd 

Precipitate from 

. Unable to transfer 

None 

(4) 

Disassemble tine 

Np blockage * 

None 


(Tool kit) 

; water ator-; 

water for trans- 

olectroty.als loop. 

cleetrelysate to 



and remove 

(high level in dec- 





age taiik 

fer to wick evap. 


storage tunic. 



bloclcage 

(3 hr) 

trolysate tank 







Unable to process 





lllumitiatca indl- 





IT44406.1 




additional batches. 





cator light, ) 








Could hang-up ip 
product transfer 
















stage. 













Outlet fitting 

Precipitate from 

Unable to transfer 



Drain tank, dis- 
assemble line and 

No blockage - 







plURRCd 

oleetrolyoLs loop. 

water to air evap. 



Ihlgb level in water 







Unable to pretreat 



remove blockage 

tank illuminates 









additional batches. 



(3 hr) 

indicator and jshuts 









■\Vick evap may 





off normal system 









operate with no 





Operation, 






•s' - , 



input water. 

. 1 

r 






. 





External leak 

Clicmlcal attack (thru 

Unable to process 

Objectionable 

Drain taiilt and 

No e:tt, leakage 








hole in tcFlon} 

full batch and pos- 

odor in cabin. 

apply siliton rub- 

(visual inspection. 








sible damage to 

(3) 

her over leak 

low level in tank 









other corriponenta 



0& hr) 

Indicated: by display 






. '' I 

■ 1 


from leakage. 





■ 

tights, crew detects 
odor lu cabin) 

' 

■ 



■ 



FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic: Pretroatmont U*4t (Pago 1 6 of 24) 


Part No, 
an^poac 

Function 

Failure Mode 

Failure Cauoc 

Effect on Systom 

Effect on Crew 
(Crlficality) 

Maint Reqd to Rep 
(Also Est Time} 

Accept Oprn Limits 
[Method of Fault Ort) 

Effect on 
Water Quality 

Re comme nd at la n s 
(Type Redundancy) 

O2 DGimor 

Bflckraan 
Mod 100800 

ScMO Og content 
of gat p in clcci. 
trolycatc tonic 

Fall indicating 
below Id set point , 
between Id and hi 
act point, or above 
hi set point. 

Sena or malfunctioTi or 
amplifier mnl function 

Hanga up in proc- 
ess naede. Timer 
provides mini- 
mum quality 
batch in event of 
hi failure just 
after accurate 
To indication. 

None 

[4) 

Replace sensor 
[2 hr} 
or replace 
amplifier 
(4 hr) 

Oxygen content indi- 
cated percent 

(overly tong process 
time in batch - 
visual inspection 

by crev/. ] 

None 

(Sparc Gcnsar and 
spate amplifier) 



Off callbratioii 

'■ .. '■ 1 

Amplifier drift 

1 

Inaccurate batch 
end point or hang 
up in process 
mode. Timer 
provides mini- 
mum quality 
batch, 

None 

(4} 

Recalibrate in 
cabin atmos. 
(□. 5 hr) 

Oxygen content indi- 
cated -ti, percent 
(pcrlodlt; cabin air 
calibrations, interval 
is TBD) 

None 

Establish calib, 
interval in system 
testing (provide 
calib. instr u ctio ns) 




FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS I 

. • ! 


Elcctrolytlp pretrcatment Unit (Page 17 of 


Part No, 
anil Dcqc 

Function. 

Failure Mode 

Failure CauQc 

Effect on Syotem 

Effect on Crew 
tCrittcnIity) 

Mnint Rcqd to Rep 
(Aljjo Eat Time) 

Accept Oprn Lirnito 
(Method of Fault Dot) 

Effect on 
Vfoter Quality 

Recommendationo 
(Type Redundancy) 

Urine tanl; 

To control power 

Fall on 

Eloctronida fail 

EKceosive temp in 

None 

(4) 

Replace controller 

Control temp to 

None 

(Spare 

hcDtor coil- 

to urine tank 



urine tank, Pos- 



(2 hr) 

165 F in urine 



controller) 

trailer 

heater 



nibillty of oomq 





tank, (Periodic mon- 








urine bailbCf 





itorlng of tank tempo. 




Fcnwal 










by crow) 





Mod 















53605-2 

















Fail o£r 

(1) Tbcrjntator 

Low temp, in 



Drain tank, replace 

Control temp to 



(Sparc 




wiring open 

urine tank. Pqo- 



the r min tor 

165 ±5’ P in urine 



thormiator) 





nlulc mlcrn- 



. <3 hr) 

tanl:. (Periodic mon- 








orfianiem growth 



. 


Itoring of tank Icmpu, 














And microorganlGm 







(2} Elcctronicu fail 





Replace controller 

by crew. ) 



(Spare 









(2 hrl 





controller) 

1 



Short 

Chaffed Innulation 

T 

and trip circuit 















breaker 























r 



T 

ProccflBcd 

To control power 

Fail on 

Electronic a fail 

Ejcccanlve temp. 

None 


Replace controller 

Control temp to 

None 

(Sparc 

water tank 

to praccDscd 



in procconed 



Uhr) 

165±5*F in proc- 



controller) 

beater can- 

water tanit , 



v-^ator tank. Pod- 





CQOcd water taid;. 




troll Qt 

; heater 



eibility of bailoff. 





(Periodic moni- 






■ ■ 'i 








toriog of tank tempo. 




Femval 










by crew]. 





Mod 















536D5-2 


FaU off 

tl) Thermiator wiring 

Low temp* In proc- 



Drain tank. 

Control temp to 

None, Aoflum’- 

(Spare 




open 

D6oed water tank. 



replace tbermlator 

165±5*F inproc* 

ing air evap, ic 

thermiatorl 





Pounihlc micro- 



(3 hr) 

eeoed water tank. 

operated above 






organism growth 





(Periodic monl- 

stcriUcation 












toring of tank 

temp. 










. 



temps, by crew. ) 







f2) Elcctrcnicn fail 





Replace controller 





(Spare 









(2 hr) 





controll 

er) 



Short 

Chaffed inaulation _ 

Qiao trl 

p circull: 















breaker 





















' 

■ ’ 

' 

1 






















FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


Electrolytic l^cctrcatment Unit (page IB □£ ^41 



Malnt Retjd to Rep 
(Also Est Time) 

Accept Opm Limits 
(Method of Fault Det] 

Effect on 
Water Quality 

. Recommendations 
(Type Redundancy) 


Circuit 
brcal«cr 
do amp 
capacity 

To protect elec- 
trolysis cell dc 
power circuit . 

Opens for no detect- 
able reason when 
load is not 
ejeceosEve. 

Burned cqntaots 

Shuts system derwn 

None 

(4) 

Replace circuit 
brealcer (0,2 hr) 

(Circuit breaUer 
opens at load below 
rated amperage, J 

Mcch Prod 
700-001-3S 



Off calibration on low 
Side, 









T 

Falla to open for 
prolonged ertces- 
sive load. 

Off calibration on 
high side* 

- ▼ 

Does not shut 
system down for 
load above rated 
amperage 

i 



Replace circuit 
breaher, dis- 
assemble and 
inspect clcc- 
Irolysis cell. 
Replace if nec- 
essary, Inspect 
circuit far shorts, 
(2. 0 hr) 

T 

(Circuit breoltcr 
passes an e^tccsslvc 
load and docs net 
open, ) 


(Stoclc spare cir- 
cuit breaUers) 


Plug valve Move plug valve Doi?fl not move 
operator to circulate or valve 
tranofer poflitlan 

80 WP 
Coilant 
Bros^tne 


Does not move to 
correct pooitipn, 


Bad limit owitchen 


Bcaringo or opectl 
reducticn goarfl 
ruined. 


Open circuit in 
wlndlnQn, 

I Shorted or burned 
out coiitacto. 


Valve travel limit 
switch cams arc out 
of adjustment. 


Valve conlinueo to 
move, docs nut stop 
Ht any pooition. 


Cannot process 
batches 


Replace operator . 
(0, 5 hr) 


Fuse blows and 
system shuts 
down. 

Cannot process 
batches. 


(Remove operator 
from valve and find 
tiiat valve Is not 
jammed, ) 

(Test windingB for 
continuity) 

(Chech winding 
resistance, ) 


Replace oporator if 
moving the valve 
180 degrees sepa- 
rately does not solve 
the problem (0,5 hr) 

Replace operator 
to, 5 hr) 


(Valve does net posi- 
tion for transfer or 
circulate properly, ) 


(Valve rotates 
without slopping. ) 


None [StocU spore 

operator) 


a 









i 


FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 


EJcctrolytic Pro treatment Unit 19 of 24) 


Part No. 
and DcQC 

Function 

Failure Mode 

Urine and 

Maintain micro* 

Fails open 

pretreoted 

bial control in 


water tank 
heaters 
Mantgpmory 
Bros 

5A433V/00I 

water. 


Urine and 

Control tank 

Fails on 

pretreated 

water 

heater 

thermostat 

heater temp 


FonWal 

28-230806- 

304 


Falls off 

Tanl: temp 

Verify tanic 

Open or shorted 

indicator 

temperatures 

circuit, off 

API 

Mod 7035 

as controlled 

calibration 

by thermo a tat 


Tank 

Verify tank 

Gpen or shorted 

liquid 

■ liquid Jcvolp 

circuit 

level 

aa controlled 


Indicate*** 

by float 


Gems Type 
241 3p 

switches. 



Failure Cnuao 
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PREFACE 

This report describes a parametric test program to iavestigate 
the beneficial aspects of electrolytic pretreatment of urine for 
subsequent processing by distillation. An electrolytic pretreat- 
ment unit was constructed for NASA-JSG tander Contract No. NASI 
11781 and integrated ■^mth an MDAC-fnmished siir evaporation/ 
distillation unit. The combined system is called the Electrovap, 
The next logical step in this program is to conduct parametric 
tests that will more fully characterize the Electrovap system and 
generate data applicable to all distillation processes using elec- 
trolytically pretreated urine, A technical approach and statement 
of work for such a parametric test program are described. 
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Section 1 

INTRODUCTION AND SUMMARY 

Future long- duration maimed space missions will need potable water to be 
reclaimed from human wastes to conserve weight and volume. 

The development of the electrolytic pretreatment process for urine will help 
to solve many problems in meeting the exacting chemical and microbial 
standards for water reclamation in spacecraft. The electrolytic pretreat- 
ment method has been successfully demonstrated (Reference 1), It uses 
electrolysis of urine rather than expendable chemical additives to remove 
organic materials such as urea from urine prior to final purification. The 
process eliminates substances that might produce ammonia or other unaccept 
able organic contaminants in the product water by converting those organic 
contaminants into recoverable gases such as CO 2 
tionally, it eliminates microbiological contaminants through the production 
of excess chlorine. 

The end product of the electrolytic pretreatment process is a sterile solution 
of inorganic salts which can be purified by any of several final treatment 
methods such as air evaporation, vapor compression, or reverse osmosis . 

The benefits of electrolytic pretreatment include the elimination of corrosive 
chemicals for pretreatment, the production of a stable concentrate that can 
be stored without the risk of releasing contaminants generally associated 
with urine residue, and the formation of a solution that can be processed at 
a higher temperature by the final treatment system. The ability to process 
urine at higher temperature results in smaller equipment and in microbio- 
logical control. 

PREGBDIHG NO? EILME^ 


, H^, O^* and N 2 . Addi- 


The program, presented in this report verifies, by test, the operational 
advantages of electrolytic pretreatment by the operation of a complete six- 
man, flight prototype, potable water recovery system. The water recovery 
system will consist of an electrolytic pretreatment unit (EPU), developed 
for NASA-JSC lander Contract No. NAS 1-11781, coupled with a closed-cycle 
air evaporation unit (AEU) developed at MDAC expense. 

The test program will fully characterize the electrolytic pretreatment pro- 
cess under actual operating conditions through the determination of such 
EPU parameters as power profiles, flow rates, control system capabilities, 
by-product gas production, and pretreated urine composition as a function of 
input energy. The integrated EPU/AEU test program will also provide data 
applicable to all distillation processes using pretreated urine feed. These 
data include: 

1. Long-term sterility data, 

2. Maximum possible operating temperatures in excess of the urea 
breakdown temperature. 

3. Degree of electrolytic pretreatment required for distillation as a 
function of temperature. 

4. Energy and power profiles . 

5. The extent to which electrolytically pretreated urine brine can be 
concentrated (as a function of operating temperature) and still 
produce aa. acceptable product water, 

6. Long-term corrosion effects of the distillate from electrolytically 
pretreated urine on the selected EPU and AEU materials of 
construction. 

7. Posttreatment polishing requirements, if any, to meet potability 
requirements. , 

8. The degree of improvement in potable water yields as a result of 
reduced urine solids, 

9. Expected improvements in handling and storing electrolytically 
pretreated urine. 
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Section 2 

TECHNICAL DISCUSSION 
2.1 ELECTROLYTIC PRETREATMENT UNIT 

Tlie overall electrochemical reaction for the electrolytic urine pretreatment 
process is approximately represented by the relation (Reference 2); 

XjO + ZCjH^N^Oj + 11 17 + 20^ + 4CC^ 

In this equation, X^O represents the inorganic compounds in raw urine, 

C 2 H^N 2 02 represents the organic compounds in raw urine, and X^O^ repre- 
sents the inorganic compounds in electrolyzed urine. X represents all atoms 
other than C, H, N, and O and is considered to have an atomic weight of 
approximately 30, which is about average for real human urine. 

In actual practice, a batch of urine is circulated through an electrolysis cell 
operating at a current density in the range of 200 to 300 mA/cm until the 
total organic carbon (TOC), chemical oxygen demand (COD), and total 
Kjeldahl nitrogen (TKN) are each reduced to the desired level. Figure 1, 
from Reference 2, indicates the composite transient behavior of these and 
other parameters during the electrolysis of 4- liter batches of urine. An 
estimate of the salts remaining after electrolysis is shown in Table 1 (from 
Reference 2). Essentially all organic material is converted in the process. 

The organic sulfur is converted to sulfate and most of the organic chloride 
is converted to chlorate and perchlorate. . 

An outline of the electrolytic pretreatment unit designed eind fabricated under 
Contract No. NASI- 11781 is shown in Figure 2, The unit has been designed 
to process urine and flush water for a crew of six. Based on a urine output 
of 3.45 lb /man- day and a flush water usage of 0, 86 Ib/man-day, the unit is 
designed to process 25. 86 Ib/day. The design process rate is set at 3. 22 Ib/hr 
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Figure 1. Chemical Analysis of Urine During Electrolytic Pretreatment 





Table 1 

AN ANALOG REPRESENTING THE SALTS REMAINING AFTER 
ELECTROLYTIC PRETREATMENT OF TYPICAL HUMAN URINE 


Item 


Sodium chloride 
Sodium chlorate 
Sodium perchlorate 
Potassium perchlorate 
Potassium sulfate 
Potassium nitrate 
Magnesium chlorate 
Potassium phosphate 
Calcium phosphate 


Formula 


Formula 

Weight 


NaCl 

58. 4 

NaClO^ 

106.5 

NaClO^ 

122.5 

KCIO^ 

138. 6 

K2SO4 

174. 3 

KNO 3 

101.1 

Mg(C103)2. 6H2O 

299.3 

K3PO4 

213. 3 


310.2 


Amount 

(mg/liter) 


1, 542 
5, 3 14 
7, 436 
776 
4, 497 
162 
2,454 
234 
62 


22 , 477 


.8 IH. B. 
il*.5 IH. H. “v 


— 

\ 


9.5 la. 


1 _ _ a a 3 

o 


35 IB. 


.0 C3d 







Figure 2. Outline Drawing of Electrolytic Pretreatment Unit 
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so that each day^s urine output can be pretreated in eight hours to allow for 
make-up processing in the event of a unit malfunction (Reference 3). A 
schematic of the unit is shown in Figure 3, 

As the electrolysis reaction progresses, the electrolytic pretreatment 
process produces b> 'product gases which could be reused if their selective 
separation could be achieved by efficient and low-cost methods. Table Z 
lists the gas quantities produced in tests conducted under Contract No. 
NASI -8954. The necessary tests will be conducted in the program described 
in this appendix to verify that the large batch sizes to be processed in the 
EPU do not result in significantly altered by-product gas compositions. A 
comprehensive plan to evaluate the feasibility of reclaiming these gases is 
presented in Reference 4. This plan could be conducted concurrently with 
the proposed program. 

Figure 4 shows the major gas constituents as the electrolysis of 4- liter 
batches of urine progressed (Reference 3). The volume fraction of the 
gas was found to be a reliable indicator of the level of TOC reduction in the 
electrolysate. Figure 5 shows the TOC level from Figure 1 with the 
by-product O 2 gas fraction from Figure 4, Figure 5 indicates that the 
evolved gas ©2 content should be a reliable indicator of TOC control for TOC 
levels less than approximately 3.5 mg/liter, A polarographic oxygen sensor 
has been installed in the EPU vent gas line to test this method of process 
control. Tests will also be conducted to determine the degree of electrolytic 
pretreatment required for various distillation temperatures. 

Since some excess chlorine is given off in the electrolysis reaction, the 
possibility of using this gas to sterilize the raw urine held in the urine storage 
tank will he evaluated. This will be done by routing the vent gas from the 
electro lysate tank through a bubbler located at the bottom of the urine tank. 

Previously, variations in applied voltage have been used to control cell 
current density for electrolytic pretreatment tests that are applicable to 
space. This method of current control utilizes relatively inefficient 
auxiliary electrical control networks and is undesirable for space applica- 
tion. As the electrolysate conductiyity remains relatively constant during 
the electrolysis process, the EPU multiple electrode design will allow a 
series /parallel electrical configuration using unregulated 28-vdc power. 
Various electrolysate hydraulic configurations will also he investigated tb" 
Identify the best combination of package size and liquid/gas flow patterns 
for efficient operation. 140 
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In order that a realistic comparison may be made between chemical 
pretreatment and electrolytic pretreatment, the energy and power profiles 
of the EPU operation will be closely monitored, 

2.E AIR EVAPORATION UNIT 

In the air evaporation process, urine is evaporated into a warm air stream 
that is subsequently cooled below its dew point to yield a condensate, which, 
with additional posttreatment if needed meets the current standards of the 
National Academy of Science and National Research Council (NAS-NRC) for 
spacecraft potable water, (The standards currently in effect may be found 
in Appendix B of Reference 5. ) 

Both the open and closed air evaporation cycles have been investigated in the 
laboratory, in bench tests, and in manned chamber runs* Definitions of the 
open and closed cycles are as follows (Reference 6), 

Open-Cycle Air Evaporation— Urine is evaporated into an airstream that is 
drawn from the cabin and discharged back to it. Cabin humidity is condensed 
simultaneously with the urine distillate. A separate humidity control loop 
is not required, 

* 

Closed- Cycle Air Evaporation— Urine is evaporated into a closed- cycle 
recirculating air loop (a separate humidity control circuit is required for 
space’yehicle application). An air charcoal bed is included to produce water 
of the same quality as obtained in the open-cycle system. 

A closed-cycle air evaporation approach was selected for evaluation with the 
EPU. A flow diagram of the unit is shown in Figure 6 and an outline 
drawing of the unit in Figure 7. The design point for the closed-cycle 
air evaporation unit to be tested with the EPU is as follows: 

Urine feed rate: 3.Z2 Ib/hr 
Inlet air temxDerature; 200 
Inlet air dew point: 80 '^F 

Design point effectiveness (t])— 0. 72 - ratio of the actual amount, 
of water evaporated to the theoretical amount which could be 
evaporated. 
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The projected AEU performance map is shown, as Figure 8 (Reference 7). 
Actual data from MDAC testing of open- cycle air evaporation units using 
chemical pretreatments with similarlv designed wicks correlate well with 
Figure 8 (Reference 8). This provi a good baseline for comparisons 
of experimental test results using eke rolytic pretreatment. 

To achieve the maximum solids loading in each wick, the incoming urine 
must be distributed uniformly throughout the wicking material. MDAC has 
conducted extensive tests (Reference 9) with independent research and devel- 
opment (IRAD) funds to determine the best urine manifold configuration for 
proper urine distribution. These tests were conducted under IRAD Program 
Account No. 80602-016 and 80602-301. 

In addition to proper manifold design, the instantaneous flow rate of the urine 
and injection pump on/off cycle times are important parameters in obtaining 
good distribution of solids. Tests will be conducted on the completed air 
evaporation unit to determine optimum feed cycles using distilled water and 
the incipient flooding sensor installed in the wick package. These tests will 

TOTAL PHESSUBE => iJl.T PSIA CB 130 

AIR FROHTAL AREA (S) = 0.1256 
EVAPOBATIOH AREA (A) = 15.1*7 FT^ 

EQUIV. DIAMETER {Dg) =.0l*06 FT 



EVAPORATOR EFFECTIVERSS - n 

Figure 8, Theoretical Performance Map of Air Evaporation Unit 
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be made with IRAD funds. The data obtained from these IRAD tests will be 
used as a baseline for additional testing conducted in this program. 

Raw urine has a solids content of approximately 37, 000 g/liter and electro- 
lytically pretreating the urine results in a reduction in solids content to 
about 20, 000 mg/liter (depending on processing time). Wick life tests will 
be conducted to determine if this reduction in solids content results in 
increased wick life.. Tests will also be conducted to determine the maximum 
limit to which pretreated urine brine may be concentrated and still produce 
acceptable water. The temperature- dependence of this limit will also be 
determined. 

The distillate obtained fi'oiti the closed-cycle air evaporation unit will be 
analyzed chemically and microbiologic ally and compared to distillate 
obtained from chemically pretreated urine. The posttreatment polishing 
requirements, if any, to meet potability standards will be defined. 

Energy and power profiles of the closed- cycle AEU will be taken for 
comparison with existing data (Reference 8) for open-cycle systems. At 
the conclusion of the test program, the system will be disassembled, 
microbial samples will be taken to obtain sterility data, and an assessment 
made of the long-term corrosive effects of the vapor and distillate on the 
AEU components. 
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Section 3 

STATEMENT OF WORK 

MDAC will provide all personnel, materials, services, equipment, and 
facilities required to conduct the 12 -month program in Huntington Beach, 
California, to test a GFE electrolytic pretreatment unit with an MDAC- 
provided closed-cycle air evaporation unit. This program will be carried 
out in eight major tasks. The tasks correspond to those time-phased on the 
schedule appearing in Section 4. 

3. 1 TASK I TEST-PROCEDURE DOCUMENT 

The detailed plans for the combined electrolytic pretreatment unit/closed- 
cycle air evaporation unit test program will be prepared and 10 copies will 
be submitted to the contract monitor three months from the contract award 
date. This dociiment will define in depth the methods, procedures, measure- 
ments, and analyses required to conduct the tests described in Sections 3. 4 
through 3, 7. Where possible, the tests will be structured to operate 
unattended in non- fir sc- shift hours so that around-the-clock testing may be 
carried out in a cost-effective manner. Attention will be given to all aspects 
of test operation to ensure that personnel and equipment are not endangered 
by component malfunctions. 

The test procedure document will define measurement locations, measure- 
ment devices, chemical and microbial sampling and analysis techniques, 
data display devices, and the frequency of data monitoring. Sufficient 
detailed information will be presented in the test procedure document to 
ensure that test personnel perform all required test operations and that 
deviations from the planned test sequences are minimized. 

3. 2 TASK 2 -DATA system: DESIGN 

The data system required to characterize the EPU/AEU performance will be 
defined and a detailed design prepared. An integrated EPU/AEU system 
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schematic similar to that shown in Figure 9 will be prepared to indicate 
measurement locations* 

A finalized instrumentation list will be prepared with measurement identifica- 
tion keyed to the integrated schematic. The final instrumentation list will be 
similar to the preliminary list shown in Table 3, The types of transducers 
and signal conditioning equipment will be selected, and sufficient detailed 
working and assembly drawings will be prepared to permit fabrication and 
assembly of the data system, Separate electrical drawings will be prepared 
to permit construction of the signal conditioning and cabling networks required. 
Parts having long lead times will be purchased during the performance of 
this task. 

3o 3 TASK 3^DATA SYSTEM FABRICATION, INTEGRATION, AND CHECKOUT 
Using the detailed working drawings developed during Task 2, the contractor 
will construct the proposed data system. On completion of data system fabri-- 
cation, the electrolytic pretreatment unit and the air evaporation unit will be 
integrated with the data system. Electrical and mechanical connections will 
be made between the units and the data system, and the components 
checked to ensure their continuity and integrity. Sample test data will be 
taken immediately after system startup to ensure that all data points are 
recording properly and that all components in the system are operating in a 
normal manner. 

3.4 TASK 4-PRETREATMENT REQUIREMENTS TESTS 

A series of tests will be run to determine the degree of pre treatment required 
for use in the. AEU and to determine if the degree of pretreatment is a function 
of wick inlet air temperature. Each test will begin with a dry wick which will 
then be saturated by adding an amount of pretreated urine sufficient to cause 
saturation. The wick will then be dried in the AEU with the output water 
conductivity continuously monitored. The evaporator will be operated at a 
constant wick inlet temperature of 140 for eight wick saturation/dry-down 
cycles (two each for urine pretreated to total organic carbon (TOC) levels of 
4, 1. 5, and 0* 6 g/liter). Chemical and microbial analyses shown in 
Table 4 will be performed on the reclaimed water collected from the feed 
solution containing 6 g/liter TOC. Additional chemical and microbial analyses 
will be performed for this test series only if the conductivity-ver sus-percent- 
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Figure 9, Schematic of Electrolytic Pretreatment/Air Evaporation Unit 





Table 3 (Page 1 of 2) 

PRELIMINARY INSTRUMENTATION SCHEDULE 


Unit 

Ident 

Key 

Item 

Data Recording 
Frequency 

Instrument 

Type Data 
Readout 

EPU 


Unit ac energy 

Twice per working day 

Watt-hour meter 

Visual indicator 



Unit dc power 

Continuous 

Watt meter 

Strip chart 


EPUT 1, 2, 3 

Tank temperature 

Twice per working day 

Pyrometer 

Visual indicator 



Vent gas O 2 content 

Continuous 

Polarographic 
oxygen analyzer 

Strip chart 



Vent gas composition 

1 

As required 

Gas chromatograph 

Strip chart 



Ft: ed and pi'oduct 
chemical analyses 

As required 

Various 

Various 


EPUT 4 

Vent gas temperature 

Twice per working day 

Pyrometer 

Visual indicator 

AEU 


Heater energy 

Continuous 

Watt-hour meter 

Visual indicator 


AEUP 1 
through 
AEUP 7 

Flow loop air 
pressures 

Injection pump 
cycles 

Twice per working day 
Twice per working day 

Pressure gage 
Cycle counter 

Visual indicator 
Visual indicator 


AEUDP 4 . 

Flow- loop airflow 

Twice per working day 

DP gage 

Visual indicator 


AEUFM 1 

■ ■ ■ 

Condenser coolant 
flow 

Twice per working day 

Flow transducer 

Visual indicator 


AEUT 9, 10 

Condenser coolant 
temperature 

Twice per working day 

Pyrometer 

Visual indicator 







Table 3 (Page 2 of 2) 

PRELIMINARY INSTRUMENTATION SCHEDULE 


Unit 

Ident 

Key 

Item 

Data Recording 
Frequency 

Instrurnent 

Type Data 
Readout 



Condenser output 
water quantity 

Continuous and twice 
per working day 

Cycle counter 

Strip chart and 
visual indicator 


AEUT 8 

Condensate tank 
temperature 

Twice per working day 

Pyrometer 

Visual indicator 



Condensate 

conductivity 

Continuous 

Conductivity meter 

Strip chart 


AEUT 1 

Wick inlet 
temperature 

Twice per working day 

Pyrometer 

Visual indicator 


AEUT 2. 3 

Wick outlet {temper- 
ature (wet bulb/ 
dry bulb) 

Twice per working day 

Pyrometer 

Visual indicator 

i 

AEUT 4 

Condenser inlet 
temperature 

Twice per working day 

Pyrometer 

Visual indicator 


AEUT 5, 6 

Condenser outlet 
temperature (wet 
bulb /dry bulb) 

Twice per working day 

Pyrometer 

j 

1 

Visual indicator 


AEUT 7 

Heater inlet 
temperature 

Twice per working day 

pyrometer 

Visual indicator 



Wick outlet dew point 

Continuous 

Dew point indicator 

Strip chart 



Wick inlet dew point 

Continuous 

Dew point indicator 

Strip chart 



Unit ac energy 
(1 phase) 

Continuous 

Watt-hour meter 

Visual indicator 



Unit dc power 

Continuous 

Watt meter 

Strip chart 



Table 4 

CHEMICAL AND MICROBIAL ANALYSIS TESTS 


Item 

Measurement Unit 

Total organic carbon 

mg /liter 

Specific conductivity 

fjLmho-cm" ^ 

pH 

pH units 

Ammonia 

mg/liter 

Turbidity 

Jackson units or ppm Si 0^ 

Color 

Pt — Co units 

Foaming 

Time of persistance 

Odor 

Subjective evaluation 

Taste 

Subjective evaluation 

Total dissolved solids 

mg /liter 

Urea 

mg/liter 

Lactic acid 

mg/liter 

NaCV 

mg /liter 

Sodium 

mg /liter 

Potassium 

mg/liter 

Calcium 

mg /liter 

Iron 

mg/liter 

Magnesium 

mg/liter 

Chromium 

mg/liter 

Microbial contamination 

Number per standard 
48-hr plate 
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wick- saturation curve varies significantly from the initial curve. The wick 
inlet temperature will then be raised to the next test condition and the series 
repeated. Table 5 shows a schedule of test conditions to be followed for 
this task. 

During this task, the vent gases will be passed through the urine storage tank 
and sufficient microbial samples taken to evaluate the ability of the excess 
chlorine in the vent gases to maintain system sterility with the urine storage 
tank at ambient temperature. 

Should the tests conducted in this task indicate the desirability of post- 
treatment polishing to meet NAS-NRC spacecraft potable water quality standards 
a breadboard polishing bed will be fabricated and used in the remaining tests. 


T able 5 

PRETREATMENT REQUIREMENTS TEST SCHEDULE 


Test 

Number 

1.2 

3,4 

5,6 

7,8 

9, 10 

11 , 12 

13, 14 

15, 16 

17. 18 

19 , 20 

21, 22 

23,24 


Wick Inlet 
Temperature 
(°F) 

140 


160 


180 


Condenser 

Temperature 

(°F) 

50 


50 


TOC Content of Feed 
(mg/liter) 


6 . 0 
4. 0 
1 . 5 
0.5 
6 . 0 
4.0 
1. 5 : 

0.5 







3. 5 TASK 5-FEED CYCLE TESTS 

During the operational verification tests of the AEU (conducted with MDAC 
IRAD funds), distilled water will be used to find the preferred wick injection 
pump pressure, on-off cycle frequency, and on-cycle duration. Additional 
tests will be performed to verify the applicability of the water injection test 
results when feeding pretreated urine. Injection pump instantaneous flow 
rates of 1. 5 to 20. 0 liters per hour will be investigated with pump-on times 
between 1 and 60 seconds and off times between 1 and 360 seconds. Pump 
flow rate and on-off cycle times to be investigated are listed in Table 6. 

The wick discharge dew point will be monitored along with wick incipient 
flooding indicator signals to determine desirable injection characteristics for 
normal conditions as well as maximum rates for make-up processing. The 
most favorable feed modes determined for the design wick inlet temperature 
and air -flow rate will be evaluated at air-flow rates below and above the 
design point and temperatures below the design point to determine feed mode 
sensitivities to off-normal conditions. The test sequence for the feed mode 
sensitivity tests will be as shown in Table 7. 

3. 6 TASK 6 -PARAMETRIC TESTS AND WICK LOADING PROFILES 
Wick loading tests will be run at the degree of urine pretreatment determined 
from Task 4 and the preferred feed cycle and flow rate determined from 
Task 5. A constant air-flow rate at the design point will be maintained for 
all tests. Each test will be started by saturating a preweighed, clean, dry 
wick with a predetermined quantity of pretreated urine. The wick will then 
be run under constant inlet temperature, air-flow rate, and condenser tem- 
perature conditions until either output water quality fails to meet NAS-NRC 
standards or until a feed flow rate of 370 mliter/hr canno^* be maintained due 
to wick flooding. The incipient flooding indication system will be on line for 
this test. When the wick fails to meet either the NAS-NRC water quality stand- 
ards or to maintain the minimum process rate (370 mliter/hr), it will be dried 
thoroughly and weighed. Photographs will be taken of the wick sections to 
record the distribution of visible solids, and each fourtli Vvdck felt segment 
will be cut into 40 equal pieces and weighed to determine quantitative distri- 
bution of solids. 
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Table 6 

INITIAL FEED CYCLE TEST PARAMETERS 


Injection Pump 
Instantaneous 
Flow Rate 

20.0 liters/hr 

10. 0 liters /hr 

4. 0 liters /hr 

2, 0 liters /hr 

Injection pximp 
on- and- off cycle 
times for i. 46 
liters /hr injec- 
tion flow 

Pump 

On 

Time 

(sec) 

Pump 

Off 

Time 

(sec) 

Pump 

On 

Time 

(sec) 

Pump 

Off 

Time 

(sec) 

Pump 

On 

Time 

(sec) 

Pump 

Off 

Time 

(sec) 

Pump 

On 

Time 

(sec) 

Pump 

Off 

Time 

(sec) 

29 

331 

54 

306 

- 

- 

- 



12 

133 

22 

122 

52 

92 

105 

39 


3 

33 

5 

31 

13 

23 

26 

10 

■' 1 

1 




1 

2 

1 

3 

1 


1. 50 liters/hr 


SI 


Pump 

On 

Time 

(sec> 


140 

35 

Contin- 


Pump 

Off 

Time 

(sec) 


4 

1 


uous 





















Table 7 

SEQUENCE FOR FEED MODE SENSITIVITY TESTS 


Air Flows 


Temperature 

Low 

[ 

Design 

High 

140 "F 

4 

5 

6 

180 “F 

9 

8 

7 

200 “F (Design) 

3 

1 

2 


Tests 2 through 9 to be made using feed 
mode determined most favorable at con- 
ditions of Test 1. 


Output water conductivity will be continuously monitored, and a chemical and 
microbial analysis of the items listed in Table 5 will be performed as 
required, but not more often than once per day. 

Data will be taken to determine EPU and AEU system power profiles and the 
fraction of input water recovered. Chemical analysis of the electrolytic pre- 
treatment vent gases will be performed using gas chromatography to identify 
the amounts of nitrogen, oxygen, chlorine, carbon dioxide, and hydrogen 
generated during electrolytic pretreatment. Should these tests produce data 
that differ significantly from Table 2, additional tests will be conducted to 
to characterize the vent gas. 

To obtain statistically significant results, two wicks will be operated to the 
end of their useful lives at each of four wick inlet temperatures: 140“, I60 “, 

180“, and 200 °F. The sequence of tests to be performed is shown in 
Table 8. 

3.7 TASK 7-MAXIMUM PROCESS RATE AND OFF- NORMAL 
OPERATIONING CONDITIONS TESTS 

Based on the results obtained from the previous tests (Tasks 4 through 6), a 
series of tests will be run to determine the maximum EPU/AEU output rate 
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Table 8 

SEQUENCE FOR WICK LOADING TESTS 


Inlet Air Temperature 
(°F) 

Test No, 

140 

3 

7 

160 

4 

6 

180 

1 

5 

200 

2 

8 


Note: 

A. Design air flow rates to be used for all tests. 

B. TOC level in feed to be as determined from Task 4. 

C. Feed rate to be as determined from Task 5. 

D. Each wick to be run until product no longer meets 
NAS-NRC standards or until 370 mliter/hr process 
rate cannot be maintained due to flooding- 


of water meeting NAS-NRC standards. Power profiles will be monitored 
during fiiese tests to determine the impact of system efficiency on opera- 
tion at these rates. 

Tests will also be conducted to evaluate the effects of reduced inlet temperature 
(simulated reduced heater output) and reduced air flow (simulated duct 
blockage). 

At the conclusion of these tests, the EPU and AEU will be disassembled. 
Microbial swab samples will be taken of the inner surfaces of the three EPU 
tanks and of the surface of the inner duct and storage tank of the AEU to assess 
long-term system sterility. Aerobic and anerobic bacterial (mesophillic) 
contaminants as well as fungal types will be investigated. Presumptive identi- 
fication of isolates will be made using colonial morphology and microscopic 
examination of gram- stained smears. 
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3. 8 TASK 8-REPORTS 
T ask 8. 1 -Monthly Reports 

An informal letter- type report will be submitted by the 10th day of the month 
following ATP and by the 10th day of each month thereafter until the contract 
work is completed. These monthly reports will summarize work done oil the 
contract in the previous month, work to be done in the next reporting period, 
and the technical and schedule status of the program. Monthly progress 
reports will not be submitted for the month in which the draft final report is 
submitted, the month in which the final report is being reviewed by the 
contracting agency, and the month in which the final report is distributed. 

Task 8.2-Final Report 

At the conclusion of the contract, a final report will be submitted. It will 
provide a historical narrative of all work accomplished during the contract. 
Graphs, photographs, tables, and other information will be used to describe 
the work in the most accurate and concise manner possible. Drawings will be 
included in reduced size, wherever appropriate. 

Operating characteristics will be calculated from the test data, and comparisons 
will be made from existing data to show such factors as (1) the amount of pre- 
treatment chemicals required for equivalent operating periods, (Z) EPU/AEU 
power profiles as compared to chemical pretreatment/air evaporation power 
profiles, and (3) the increase in air-evaporator wick life resulting from 
removal of partial solids and organics during electrolytic pretreatment. The 
final report will be published after a review copy has been approved by the 
contracting agency. Following approval, MDAC will print and distribute 
50 copies of the final report in accordance with a distribution list to be supplied 
by the contracting agency. 

3. 9 SUBCONTRACTS AND PROCUREMENT 

MDAC does not anticipate using any subcontractors on the proposed program. 
Procurement of materials and services will be made in accordance with 
established Company practices. 
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3.10 GOVERNMENT- FURNISHED EQUIPMENT 

The GFE to be used in this program on a no-cost, noninterference basis 
consists of one electrolytic pretreatment unit developed by MDAC for NASA 
under Contract No, NASI- 11781. The unit is to be provided for the duration 
of the contract. This unit is presently in-house at MDAC. 


Sectioa 4 
SCHEDULE 


Tlie proposed program schedule is shown, in Figure 10. Some of the key 
goals of the proposed program have been designated as milestones and are 
so indicated on the schedule* The tasks time-phased on the schedule cor re 
spond to those outlined in Section. 3* 
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PREFACE 


This document reviews the applicability of a combined electrolytic 
pretreatment/reverse osmosis system for the reclamation of 
potable water from human urine. A Work Statement is presented 
which outlines a plan for a comprehensive evaluation of the 
advantages of this combined system. 
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Section 1 

INTRODUCTION AND SUMMARY 


Potable and wash water requirements for long- duration space missions 
impose the greatest weight and volume penalties of all life support require- 
ments unlep' recycle systems are employed. One'technique which appears 
very promising for water recovery during space missions is the membrame 
separation technique known as reverse osmosis (Reference 1), 


The advantages of reverse osmosis for water recovery in space missions 
include: 

A. The process is basically simple, with no two-phase mixtures or 
separators required. 

B. It has the potential Jer trouble-free operation with a minimum of 
attention needed and uses. simple control networks. 

C. It presents no zero-g problems, 

D. Membranes may be fabricated with a wide variety of rejection 
characteristics, allowing the system to be tailored to remove 
specific solutes. 


To the present, most studies have considered reverse osmosis as a viable 
candidate for spacecraft wash water recovery (References 1 and 2). How- 
ever, primarily due to high operating pressure requirements and poor 
rejection characteristics for urea, the reverse osmosis process has been 
discounted as a means of reclaiming potable water from urine. These limi- 
tations may now be overcome with the use of the electrolytic pretrer.cment 
process (References 3 and 4) developed by MDAC for NASA (under 
Contracts NASl-7104, NASI -8954, and NASI -11781). This process has the 
capability of lowering pressure requirements for reverse osmosis and of 
removing all organics, including urea, from urine. 
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A plan is presented in this report to evaluate the benefits of combining the 
electrolytic pretreatment process with reverse osmosis to reclaim potable 
water from human urine. This could be accomplished in a cost-effective 
manner with a combination of analytical studies and experimental tests, and 
utilizing equipment now being fabricated under related Government contracts. 


Section Z 

TECHNICAL. DISCUSSION 

Studies conducted by MDAC under Contract No. OSW 14-3C-3062 have shown 
that spacecraft wash water reclamation by reverse osmosis is technologically 
feasible and is cost- competitive with other methods of spacecraft wash water 
recovery (Reference 2). The benefits of wash water recovery by reverse 
osmosis may also be extended to spacecraft potable water recovery, although 
additional work is required to solve its unique problems in processing urine. 
The advantages of applying reverse osmosis to urine reclamation are clear; 
The power and working volume requirements of a potable water phase- change 
process could be almost halved by the use of an upstream reverse osmosis 
system recovering only 50 percent of its input feed. Should the reverse 
osmosis recovery fraction be significantly greater than 50 percent, it might 
be feasible to eliminate the phase-change process. 

The work outlined in this report will identify the most favorable combination 
of electrolytic pretreatment and reverse osmosis for potable water recovery 
by a program consisting of: (1) analyses of projected system performance; 

(2) launch weight and total relative cost tradeoff comparisons, and (3) experi- 
mental laboratory tests conducted with electrolytically pretreated urine using 
state-of-the-art reverse osmosis membrane coupons. These studies and 
tests will form the basis for a comprehensive document which will define the 
design requirements for combining electrolytic pretreatment with reverse 
osmosis in a potable wate. relamation unit for a space mission. 

A development plan for a combined electrolytic pretreatraent/reverse osmosis 
water system is shown in Figure 1; it describes the manner in which the work 
outlined in the following section (the dashed box) integrates with past, 
present, and planned electrolytic pretreatment and reverse osmosis programs 
Note that the electrolytic pretreatment unit (EPU) which is presently being 
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developed under Contract No, NAS 1-1 1781 and the reverse osmosis pump 
test stand used in Contract No. OSW 14-30-3062 will both be available for 
use in the proposed program. The use of these items as GFE should result 
in significant cost savings to the Government, 

The first step in the proposed program will be a series of tradeoff compari- 
sons to assess the optimum electrolytic pretreatment/reverse osmosis 
configuration for a potable water reclamation system. This study will also 
deterine whether a final phase-change unit is required with an EPU/reverse 
osmosis potable water recovery system, and if so, the best placement of the 
phase-change unit in the flow loop will be identified. The comparison will 
take into consideration the total water management system, and the required 
system capau.ty of each component in the flow loop as a function of reverse 
osmosis recovery fraction will be determined. Reverse osmosis recovery 
fractions resulting in minimum sizes and weights for total systems will be 
identified, and the impact of mission length a.nd resupply period will be 
evaluated. Preliminary investigations have determined that several configu- 
rations are possible for EPU/reverse osmosis spacecraft water reclamation 
systems. The most promising of these include: 

A. Completely separate potable and wash water systems. The potable 
water system would be composed of a urine electrolytic pretreatment 
unit followed by a reverse osmosis unit, A phase- change unit would 
be used, if required, for processing reverse osmosis brine. A 
schematic of this configuration is shown in Figure 2* 

B. An integrated wash and potable water system (see Figure 3) using 
two reverse osmosis units. The wash water reverse osmosis brine 
could be input to the potable loop either after (Figure 3A) or before 
(Figure 3B) electrolytic pretreatment* A phase- change unit would 
be used, if required, for final processing of the brine. 

C. An integrated wash and potable water recovery system using a single 
reverse osmosis unit. This configuration is shown in Figure 4. 

The launch weight and total relative cost of the most favorable configurations 
identified in the studies will be compared with similar values for other .leading 
candidate potable and wash water recovery systems, including vapor compres- 
sion, vacuum distillation- vapor filtration, air evaporation, and multililtration. 
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Figure 2. Schematic of Reverse Osmosis (RO)/E|ectrolytic Pretreatment Unitfor Potable Water Recovery System 

The method of computation and display format of the results of these 
comparisons will be similar to those used in Reference E. 

The most favorable system configurations identified will be the basis for 
additional analyses. Based on the known solutes in pretreated urine and on 
projected reverse osmosis performance data, a study will be made of required 
reverse osmosis membrane sizes and of feed, product, and brine composi- 
tions and concentrations. The study will cover the expected range of variation 
in performance and sizing factors projected for space mission use, including 
solute rejection factors, water recovery fractions, flow rates, pressures, 
concentration polarizations, and diffusivities. The study will use computer- 
aided analyses similar to those performed for reverse osmosis wash water 
systems under Contract No. OSW 14-30-3062 (Reference 2). 

The results of the system configuration study and the mass balance and 
membrane sizing analyses will be used to prepare a preliminary system 
schematic of the most favorable EPU/ reverse osmosis configuration* Flow 
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Figure 4. Schematic of Single Reverse Osmosis (RO) Integrated Potable and Wash Water Recovery System 

rates, capacities, temperatures, pressures, and other operating character- 
istics will be defined, and a test procedure will be formulated to evaluate 
reverse osmosis membrane coupons under these conditions* The test proce- 
dure will be structured to use the reverse osmosis pump test stand and the 
GFE electrolytic pretreatment unit fabricated under other programs with 
minimum modifications, A test stand and data system will be designed and 
fabricated to perform the tests specified in the test procedure document; The 
design will permit unattended operation to the greatest extent possible, and 
will include automatic safe control and automatic detection and isolation of 
.potentially hazardous or damaging failures. 

Based on a study of current reports and suggestions from the contracting 
agency, MDAC will contact raembrane manufacturers on contract award. The 
manufacturers will be asked to provide typical performance data, conditions 
of recommended operation, and coupons of each of their types of membrane 
thought best suited for use with electrolytically pretreated urine. Provisions 
will be made for use of at least four of these membrane coupons in a series 
of tests to determine the ability of reverse osmosis membranes to reclaim 



potable water from human urine. Such factors as flow rates, membrane 
degradation, rejection factors for the primary feed solutes, membrane 
fouling, and pH effects will be evaluated. Table 1 presents a preliminary 
list of test parameters to be monitored: a finalized measurement list will 
be compiled in the test procedure document. 

Based on the results of the tradeoff, design, and mass balance studies and 
on results of the coupon tests, a final design requirements document will be 
prepared which will define the required features of a six-man- capacity, flight 
concept, prototype electrolytic pretreatment/reverse osmosis potable water 
reclamation system, A schematic will be prepared of the integrated EPU/ 
reverse osmosis system design with system characteristics specified, 
including such factors as flow rates, operating pressures, interface require- 
ments, acoustic considerations, materials of construction, electromagnetic 
interference requirements, and output water quality standards. A system 
control logic table will also be prepared for the design, and major control 
logic requirements will be identified. 

At the conclusion of the contract, a final report will be submitted, providing 
an historical narrative of all work accomplished under the contract. Graphs, 
photographs, tables, and other information will be used to describe the work 
in the most accurate and concise manner possible. Drawings will be included 
in reduced size, wherever appropriate. The final report will be published 
after a prior review copy has been approved by the contracting agency. 
Following approval, MDAC will print and distribute 50 copies of the final 
report in accordance with a distribution list to be supplied by the contracting 
agency. 


Section 3 

STATEMENT OF WORK 


MDAC will provide all personnel, materials, services, equipment, and 
facilities at Huntington Beach, California, which are required to conduct a 
nine-month program to define requirements for the combination of an 
electrolytic pretreatment unit with a reverse osmosis water reclamation 
unit and to conduct tests to characterize the performance of state-of-the-art 
reverse osmosis membrane coupons to reclaim water from electrolytic ally 
pretreated urine. 

This program will be accomplished in six major tasks, which are described 
in the following paragraphs* The tasks correspond to the tasks time-phased 
on the program schedule in the following section. 

3.1 TASK 1 - TRADEOFF AND DESIGN STUDIES AND TEST PROCEDURE 
DEFINITION 

Task 1. 1— Tradeoff Study 

A study will be made to assess the most favorable electrolytic pretreatraent/ 
reverse osmosis configuration for spacecraft potable water reclamation. The 
study will take into consideration the ' otal water management system (both 
potable and wash water) and will determine system capacities of each unit in 
the water loop as a function of reverse osmosis recovery fraction. The frac- 
tion resulting in the minimum size and weight for the total system will be 
identified, and the capacity and placement of a phase-change process, if 
required, will be defined. 


The stady will determine the projected launch and resupply weights of the 
most promising electrolytic pretreatment/reverse osmosis system configu- 
rations, Launch and resupply weights and total relative cost figures will be 
computed for one and lO-year missions and 30, 60, and 360-day resupply 
periods. The weight and cost values obtained will be compared with similar 
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values for other leading candidate potable water recovery systems including 
vapor compression, vacuum distillation-vapor filtration, and air evaporation. 
Results will be presented in a format similar to that used in Reference 2, 

Task l.Z— Mass Balance and Parametric Study 

A study will be made of the reverse osmosis feed, product, and brine compo- 
sitions and concentrations. The study will result in module sizing maps and 
mass balance data which will cover the expected range of variation in per- 
formance and sizing parameters projected for space mission use, including 
solute rejection factors, water recovery fractions, flow rates, pressures, 
concentration polarizations, and diffusivities. Most promising EPU /reverse 
osmosis configurations investigated in Task 1. 1 will be included in the mass 
balance and parametric study. 

Task 1. 3 — Test Procedure Definition 

The results of Tasks 1, 1 and 1. 2 will be used to prepare a preliminary 
system schematic of a combined EPU/reverse osmosis potable water recla- 
mation system. Flow rates, capacities, temperatures, pressures, and 
operating characteristics of the system will be defined in sufficient detail to 
allow formulation of a test procedure to evaluate reverse osmosis membrane 
coupons under conditions closely resembling those of actual space operation 
in a laboratory breadboard test unit. The test procedure will be constructed 
to use the reverse osmosis pump test stand fabricated under Contract 
No. OSW 14-30-3062 and the EPU fabricated under Contract No. NASI- 11781 
with a minimum of modification. 

The test procedure document will define in depth the methods, procedures, 
analyses, measurements, and data recording frequencies required to conduct 
the tests described in Section 3. 4. The test procedure document will 
incorporate adequate safe control functions to ensure the safety of personnel 
and equipment during all phases of test operation. 

3.2 TASK 2-REVERSE OSMOSIS COUPON TEST SETUP DESIGN 
Using the preliminary system schematic prepared in Task 1, 3, the design of 
the membrane coupon test stand will be prepared. The design will be based 
on the reverse osmosis pump test stand constructed in. the performance of 


Contract No. OSW 14-30-3062 and will utilize all components of this test 
stand without modifications, wherever possible. The GFE high-pressure 
pumps currently being tested for Contract No, OSW 14-3 0-3062 will be used 
to pressurize the test coupon feed. Should any of these pumps be unsuitable, 
replacement pumps with proven performance characteristics will be procured. 
The design will permit unattended operation to the greatest extent possible and 
will include automatic safe control and automatic detection and isolation of 
potentially hazardous or damaging failures. 

At ATP, MDAC will conduct a study of current literature. Based on this 
study and the suggestions of the contracting agency, MDAC will contact manu- 
facturers of reverse osmosis membranes suitable for use with electrolytically 
pretreated urine. The manufacturers will be asked to provide performance 
characteristics and coupons of their types of membranes thought best suited 
for reclamation of potable water from electrolytically pretreated urine. Test 
provisions will be made for proper use of at least four of the membranes pro- 
vided. Standard flat- plate shells will be procured during this task to allow 
testing of the membranes in the test stand. 

Working and assembly drawings will be prepared in sufficient detail to 
permit fabricating and assembling the system. Separate schematic draw- 
ings will be prepared to permit construction of additional electrical networks 
necessary for data monitoring and automatic control of the test operation. 
Parts required for the fabrication of the test setup will also be identified and 
purchased during this task, 

3. 3 TASK 3-REVERSE OSMOSIS COUPON TEST SETUP FABRICATION 
Using the working drawings developed during Task 2, the contractor will 
construct the proposed test setup. Wherever required, component and sub- 
assembly tests will be performed to verify operation. Sample .test data will 
be taken immediately after equipment startup to ensure that all data points 
are recording properly and that all components in the test stand are operating 
in a normal manner. An informal operations manual will be prepared during 
this task. It will include the steps and procedures necessary to operate the 
test setup, including procedures for startup and normal and emergency shut- 
down. A description of possible operating anomalies will be included, with 
suggested corrective actions. 
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3.4 TASK 4-REVERSE OSMOSIS COUPON TEST PROGRAM 
Using the test stand constructed in Task 3 and the GFE electrolytic pretreat- 
ment unit, a series of tests will be conducted to examine at least four reverse 
osmosis membrane coupons for water reclamation from human urine. The 
test conditions will be structured to establish the validity of, the projected 
reverse osmosis feed, product, and brine stream corr.positions made in 
Task 1. 3, Such factors as flow rate, membrane life, rejection factors for 
the primary feed solutes, performance degradation, membrane fouling, and 
pH effects will be evaluated. Normal operating conditions will be in accord- 
ance with the suggestions of the membrane manufacturer for each membrane 
under test. 

During the test of each membrane, data will be taken to record operating 
conditions and performance. Table 1 presents a preliminary list of test 
parameters which will be monitored. ■ A final measurement list will be 
prepared in the performance of Task I, 3, 

3. 5 TASK 5-DESIGN REQUIREMENTS DOCUMENT PREPARATION 
Based on the results obtained from the performance of Tasks 1 and 4, a final 
design requirements document will be prepared enumerating the required 
features of a six-man- capacity, flight- concept, prototype electrolytic pre- 
treatment/reverse osmosis potable water reclamation system. A schematic 
will be prepared of the integrated EPU/reverse osmosis system and system 
characteristics will be specified, including such factors as flow rates, 
operating pressures, interface requirements, acoustic considerations, 
materials of construction, electromagnetic interference requirements, and 
output water quality standards. A system control logic table will also be pre- 
pared for the design, and major control logic requirements will be identified. 

3.6 TASK 6-REPORTS 

Task 6. 1— Monthly Reports 

An inforrrial letter-type report will be submitted by the 10th day of the month 
following ATP and by the 10th day of each month thereafter until the work on 
the contract is completed. These monthly reports will summarize work done 
on the contract in the previous month, work to be done in the next reporting 


Table 1 

PRELIMINARY MEASUREMENT LIST 


Item 

Recording frequency 

Membrane feed pressure 

Continuous 

Membrane product outlet pressure 

Continuous 

Membrane brine outlet pressure 

Continuous 

Membrane differential pressure 

Continuous 

Feed flow rate 

3 times per day 

Product flow rate 

3 times per day 

Brine flow rate 

3 times per day 

Feed quantity 

Once per day 

Product quantity 

Once per day 

Brine quantity 

Once per day 

Membrane inlet temperature 

3 times per day 

Membrane outlet temperature 

3 times per day 

Pump power consumption 

Continuous 

Heater power consumption 

Feed, product and brine TDS^ mg/liter 

Feed, product and brine TOC, mg/liter 

Continuous 

Feed, product and brine pH 

Feed, product and brine ammonia, mg/liter 

Feed, product and brine turbidity, Pt-Co units 

Feed, product and brine foaming 

Feed, product and brine odor 

Feed, product and brine urea, mg/liter 

Feed, product and brine lactic acid, mg/liter 

Feed, product and brine NaCl, mg/liter 

/ As required, but 
1 not to exceed once 
) per working day 




period, and the technical and schedule status of the program. Monthly pro- 
gress ports will not be submitted for the month in which the draft final 
report is submitted, the month in which the final report is being reviewed by 
the contr.-cdng agency, or the month in which the final report is distributed. 

Task 6, 2— Final Report 

At the conclusion of the contract, a final report will be submitted. It will 
provide an historical narrative of all work accomplished during the contract. 
Graphs, photographs, tables, and other information will be used to describe 
the work in the most accurate and concise manner possible. Drawings will be 
included in reduced size, wherever appropriate. The final report will be 
published after a prior review copy has been approved by the contracting 
agency* Following approval, MDAG will print and distribute 50 copies of 
the final report in accordance with a distribution list to be supplied by the 
contracting agency. 

3* 7 SUBCONTRACTS AND PROCUREMENT 

MDAC does not anticipate using any subcontractors on the proposed program. 
Procurement of materials and services will be made in accordance with 
established Comp any- practices. 

3. 8 GOVERNMENT-FURNISHED EQUIPMENT 

The GFE to be used in this program on a no-cost, noninterference basis is 
identified as follows: 

A* One electrolytic pretreatment unit as developed by MDAC for NASA 
under Contract No. NASI -11781. 

■ 

B, Four high-pressure reverse osmosis pumps purchased under 
Contract No. OSW 14-30-3062. 

Both items are presently in-house at MDAC, 
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Section 4 
SCHEDULE 

The proposed program schedule is shown in Figure 5, Some of the key 
goals of the proposed program have been designated as milestones and are so 
indicated on the schedule. The tasks time-phased on the schedule correspond 
to those outlined in Section 3. 


CR 130 •• 


TASK 

DESCRIPTIOf! 

1. DESIGII AMD TRADEOFF STUDY AlIB 
TEST PROCEDURE DEFIMITIOH. 

2. RO COUPON TEST SET-UP DESIGN 

3- RO COUPON TK3T SET-UP 
FABRICATION 

it. RO COUPON TEST PROGRAt4 

5. DESIGN BEOUIRET-lEIiTS 
DOCUt-lENT .PREPARATION 

■ 6. REPORTS 

MONTHLY PROGRESS REPORTS 

FINAL REPORT DRAFT PREPARATION 

PHIAL REPORT PUBLICATION 
AND DISTRIBUTION 


MONTHS 


6 

7 

CO 

9 



■■ 









MILESTONES 

1 DESIGN AND TRADEOFF STUDY AND 
TEST PROCEDURE DEFINITION COMPLETE 

2 RO COUPON TEST PROGRAm' COMPLETE 

3- DESIGN REQUIREMENTS DBFINITIOH 
COMPLETE 

4. FINAL REPORT DRAFT SUKIITTED 
.FOR REVIEW 

5 CUSTOMER REVIEV7 OF FINAL 
REPORT DRAFT CO^E>LETE 

6 final report PUBLICATION AND 
DISTRIBUTION COMPLETE 


Figure 5. Program Schedule 
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